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Kupum

Jactyp V36exucron Pecny6mukacu IIpesumentuauar 2015 dimm 12
uioHgaru “Onuii TabJIUM MyaccacajJapuHUHT pax0ap Ba MeJaror KaJapiapuHH
KailTa Tali€prani Ba MajaKaCMHU OIIMPHUIL TU3UMHUHU SHAJIa TAKOMUJLIAIITHPUII
yopa-taabupnapu tyrpucuna’tu [1D-4732-conmm, 2017 wmn 7 ¢eBpanmaru
“V36exncTon PecrnybnuKacHHE sHaja PUBOXKIAHTHPUII Oyiimua Xapakatiap
crpateruscu Tyrpucuga’tu [1P-4947-connmu Papmonnapu, urynunraek 2017
mnn 20 anpenparn “Onaud TaBIMM THU3UMHUHU SHAJa PUBOMJIIAHTUPHUIIL 4YOpa-
tanoupnapu Tyrpucuna’tu  [1K-2909-connmu xkapopu xamaa 2019 iun
27 aBryctaard “Onuii TabJIMM Myaccacaiapu pax0ap Ba neiaror KaapJapuHUHT
Y3JIYKCH3 MajlaKaCUHU OIIMPUII TU3UMHUHM KOpUM ATUIN TyFpucuaa tu [1D-
5789 — comm dapmoHuga OelrWiaHraH yCTyBOp Basudaiap Ma3MyHHJIaH
KeNInO YMKKaH XOJ/a Ty3WwiraH 0ynu0, y oiuil TabliuM MyaccacajapH Ieaaror
KaJIpJIapUHUHT KacO MaxopaTH Xamja WHHOBAIMOH KOMIIETEHTIUTHHU
PUBOXJIAHTUPHII, COXara OWJl WIFOP XOPWXKHUM TaxkpuOanap, ssHTM OWJIMM Ba
MaJIAKAJIADHU  Y3JAINTHPUIN,  IIYHUHTACK  aMalauérra  KOpUWA  JTUII
KYHUKMaJIApUHUA TAKOMUJUTAIITUPUIIIHA MAKCaJl KUIaIu.

Ma3skyp AacTyp PHUBOKJIAHTAH XOPWKUM JABIATIAPHUHT OJIMA TabIUM
coxacuJia DJpHUIITaH IOTYKJIapu XamjJa OpTTUpraH Taxpubanapu acocuiaa
“buonorust” KailiTa Taill€épnaml Ba Majlaka OIIMPUIN WYHAIWIIA YYYyH
TaliépiiaHraH HaMyHaBUM YKYB peka Xxamja JacTyp Ma3MYyHHUJIaH KeIuO YUKKaH
X0Jila Ty3wiraH Oynu0, y 3aMOHaBHil Tayiabjap acocuja Kaita Taiépail Ba
Majlaka OIIMPHUII >KApa€HJIAPUHUHI Ma3MyHUHH TAaKOMUJUIAIITUPHUIN Xamaa
OJIMM TabJIUM MyaccacajlapH IMeaaror KaapJapuHUHT KacOui KOMIETEHTIIMTUHU
MyHTa3aM OMIMPUO OOPUIITHU MaKCa]l KUIJIAH.

Kamusatr Tapakkuétu Hadakar MamiiakaT HKTUCOAWN CaJOXUATHHUHT
IOKCAKJIMTH OujiaH, O0anku Oy calloXHsT Xap OUp MHCOHHMHI KaMmOJl TONHILIU Ba
VUFYH PHUBOXJIAHUIINWTA KAHYAIUK WYHANTUPWITAHIUTH, WHHOBAIUSUIAPHU
TaAOMK OJTWITaHJIUTHW OujaH XaMm yhnyanaad. Jlemak, TabiauM TU3UMHU
camMapaJiopJIMTUHU OLUMPUIL, MEAAroriiapHd 3aMOHABUW OWIIMM Xamja aMmalluid
KYHHMKMa Ba MaJlakanap OWjiaH KypOJUIAHTUPHULI, YET 3J1 WIFOp TaXpuOanapuHu
YpraHuin Ba TabJIUM aMaIUETUTa TaJAOWK OTHUIN OYTyHTM KyHHUHT J0J3ap0
Bazubacuaup. “BUOTEXHONOTUSHUHT J0N3ap0 MyamMMOJIapu Ba IOTYKJIapu’
MOJIyJIM alHaH MaHa 11y WyHaJIWIIJard MacajaajlapHy Xajl dTUILIra KapaTHUJIraH.

Ymby nactypnia OMOTEXHOJOTUSHUHT J10J13ap0 MyaMMOJapy Ba IOTYKJIapH,
HaHO3appavaJapHUHT XYCYCHSITIApH, HAHOOMOTEXHOJIOTUSHUHT WYHAIUIILIAPH,
Typau OWOYMIUIAp, HAHOPOOOTJIAp Ba HAHOYMIT THU3UMIIAPU Xamza yJapHU
SApaTUll yCyJulapu, HaHO3appadaIapHUHT OJIMITHU, OMOJIOTHK (Aol MOAIaIapHH
HaHOKAaICyJJIall yCyJijiapu, OMoJIOruK Gaosi MoaanapHu (HaoUTMTMHU aHUKJTAIIl
yCyJulapy, HAHOOMOTEXHOJIOTUSIHA XaJIK XY>KaJIMruja Ba THOOUETIa KYJUIAIIHUA
3aMOHAaBHI X0JIaTH Ba MyaMMOJapy kabuiap 0a€H 3TUITaH.

MoayJJHMHI MaKcaau Ba Basudanapu
“BHOTEXHOJIOTUSIHMHI  10J13ap0 MyamMmoJiapu Ba  KOTyKJjJapu”
MOAYJHHUHI MAKCAAW: NEJaror KaapjapHU KaiTa Tai€praml Ba Majlaka
OLIMPUII  KypCHM  THUHIJIOBUMJIAPMHU  HAHOCTpyKTypara dra  Oyirad




HaHOMAIIIMHAJIAp Ba MOJIEKYJIAJJADHUHT 0ab3U XyCYCUATIAPUHU OMOTEXHOIOTUK
O0BEKT cHudaTHIa XamJa TeH, OKCHJI Ba (GEepMEeHTIap MYyXaHIUCIUTH
yCyJUIapUIaH  MHKPOXaXM  Japakacuma  (QoimanaHumra  ypraTuiigaH
noopaTaup.

TunrnoBumnap ymoly ganau y3namtupuin Oopacuja HaHO3appavaiap Ba
HaHOMaTepHAJUIapHU 0ab3u OWOJIOTMK >Kapa€Hiapaa KyJulall, MMOTEHIUal
Ouonoruk xaB(), HAHO Ba OHOCTPYKTypaJapHH KOMIBIOTEp  OpKajH
JU3aHIIApUHY SIPATHUIL, MOJIEKYJIAJIapHU MOJIEJUIAIll, HAHO-OMOCTPYKTYypaslapHU
Oup manbbOara skamiall, HAHOKypWIMAJap Ba HaHOMWIUIAHMANap spaTHUll,
OroMarepuaiap Ba YpruMyakCUMOHJIAPHHU TYpura yXImail OKCHIIJIap acocuaa
OnoMarepuaiap SpaTuil, Typiau KacaJUTUKIap AUArHOCTUKAcH Ba 0ab3u (ao
JIOPUBOP MOJJQJapHU KEpakid MaH3WIra eTKa3ull Kabu TEeXHOJOTUK
xapa€Hiap TYFpUCHIa KEpAKIN OuuMmra sra oynaauap.

Mopynauunr Basudanapu: “bUOTEXHOJOTUSHUHT A0J3ap0 MyaMMoJapH
Ba IOTyKJIapu’ ¢(aHMHM YKUTUIIHUHT Ba3udacu, meaaror KaJpiapHU KanTta
Tai€pnam Ba Majaka OIIMPHUII KypCH THHTJIOBUMJIAPHTa XO3UPTH 3aMOH
HAaHOOMOTEXHOJIOTHUSICH XaMJia yjapra yerapajoul OyiraH (aniap rOTyKJIapura
acocllaHraH XoJIJa HaHO3appadajiap acocuja SHIM TEXHOJIOTMK >KapaéHiap
ApaTHIl Ba HaHOOWOTEXHOJIOTHUSA HA3apUSACUHUHT acOoCIapuaaH OWiIuM
Oepuiiian uOOpaTaup. XO3UPrd KyHAa Oy COXaHU Kaaal cypbamiapia
PUBOXKJIAHMILIM  HATH)Kacuja, 3aMOH Tajabura >kaBoO Oepa ojaauraH
MyTaxaccuciapHu Tai€pnam Tanad stwiMokna. Ily cababmu — menmaror
KaJIpJlapHU KaiiTa Taii€piam Ba Majaka OIIMPHUII KypCH THUHIJIOBUMJIAPHUTa
HaHO3appaudajapJaH OHOTEXHOJOrHK >kapacHiapiaa (oiaanaHuIl HyIapuHU
oun6 Oepuill, 3aMOHABUM UIMUI Mearoruk Kaapiaap taiépnamira Epram oepaiu
Ba Oy (panHm OwuosOrUs Ba yHTa Typaoml Oyiran (anmap coxairapuia meaaror
KaJIpJlapHU KalTa Taiépraml Ba Majaka OIIMPHUIN Kypcuaa OwinM ojaéTra
TUHTJIOBUMJIApTa YpraTHIl 3aMOH Tajabura MyBOQUKINTHA OWIaH axpanud

Typaau.

MoayJ1 0yiir4a THHIVIOBYMJIAPHUHT OMJIIMMH, KYHUKMACH, MAJIaKACH
BAa KOMIIETCHUUSIJIAPUTa Ky HWJIAJUTaH Tajaadaap

“BUOTEXHOJIOTUSIHUHT J1013ap0 MyaMMoJapu Ba IOTYKJIapu~ KypCHHH

Y3JIAIITHPULL Kapa€Hua aMalra OLUPpUIIaural Macajajgap JOUpacuaa:
Tunriaosyu:

- OMoJIOTHAJaH: MHUKPOOHMOJIOTHsSl Ba BHUPYCOJIOTHS, T€HETHKA, MOJIEKYJSp
ouonorus, OuokumE, Oumodusuka, Qusmonorus, OOTaHWKA Ba 300JIOTHUS
KOHYHUSITIIAPU XaKUAa OUIUUU KEPAK;

Tunriaosyu:

- Ouokuménan - (epMEeHTATUB peakuusIap MEXaHU3MIIApH, HIIJall
xapaHiapu; Xyxalpa OuoNorMscHUIaH - XyXalpa Ty3WJIulIM, XyKaipana
acoCHUM >KapaCHIApHUHI KEUMIIM, XYKAUPAIAPHUHI KYIAWUIIW; MOJEKYJap
ouonorusanan - JIHK Ba PHK ty3unumm, TpaHckpunius, TpaHCIsAUUs
KOHYHJIapW, pUOOCOMAaJapHUHI  TY3WJIWIIM, TEHETHUK KOJ, CTPYKTypa
AIIEMEHTIIapU XaKuAa eTapiau KyHuKmanapuza >ra OYINIII J03UM;

TunriaoBum:




- MOJIEKYJIsip ~ OMOJIOTHSI  Ba  HAHOTEXHOJIOTUSHUHT  OMprajvkaar
KECUIIYBIAPUHU TaJKUK KWIUII, HAHOOMOTEXHOJOTHSTa OUJ TaxpubanapHH
070 OOpUII KOMIIETEHMSAJIAPHHU TaJlJIalIU JIO3UM.

Moay/iHM TAIIKKJI 3THII BA YTKAa3UII 0yiHMYa TaBCUsAIap

“BUOTEeXHONIOTUAHUHT JI0J13ap0 MyaMmMMoJlapu Ba IOTyKJapu~’ KypcH
Mabpy3a Ba aMaauil MalFyJoT/iap Makiuaa oaub Oopuiaau.

Kypcan ykutum kapaéHuia TabJIUMHUHT 3aMOHAaBHA METOAJIAPH,
NEAaroruk TEXHOJIOTUsUIap Ba aXOOpOT-KOMMYHHMKAIUSl TEXHOJIOTHUSIIApU
KYJUTAaHWINILIY Ha3apa TYyTUJITaH:

- Mabpy3a Aapciapuia 3aMOHaBUN KOMITBIOTEp TEXHOJIOTHSUIApU EpAaMua
IPE3EHTALMOH Ba 3JEKTPOH-AUIAKTUK TEXHOJIOTUsIap/aH;

- YTKa3ujaagurad aMaluii  MalFyloTiapia TEXHUK  BOCUTalapAaH,
IKCIIPECC-CYPOBIIAP, TECT CYPOBIAPH, AKIUN XYKYM, T'ypyXJH (PUKpIall, KHIUK
rypyxJjap OWIaH UIUIanl, KOJUIOKBUYM YTKa3ull, Ba OOIIKAa MHTEPAKTUB TabJIUM
yCyJUIApUHHU KYJUIall Ha3ap/1a TyTHIIaIu.

Moay/JITHMHI YKYB peskagard 001mKa MoayJ/uiap Oujiad OOFIMKJINIH Ba
Y3BHIJIUTH
“BUOTEXHOJOTUSIHUHT J0J13ap0d MyaMMOJapu Ba IOTYKJIapu’ MOJYJIH
Ma3MyHHU YKyB pexanaru “buorexnHonorus’ Ba “buokumé” yKyB Monyiiapu
OwiaH y3BHM OOFJIaHraH XoJja MeJAarorJapHUHT HAHOOMOTEXHOJIOTHSUIAPHU
UIUIad YMKHUII Ba KyJuiam OViindya KkacOui nmearoruk Tanéprapiank JapakacuHu
OILLIMPUIITa XU3MAT KUIadu.

Moay AHUHT 0JIMH TABJIMMAATH YPHU
Monynau V3JIalTUPHUILLI OpKaJIU TUHIJIOBYMJIAD 3aMOHABUU
OMOTEXHOJIOTHSIIa HAHO3appAYAIAPHUHT YPHUHH TaXJIWi 3THIL, aMaJia KyJulall
Ba OaxoJjamira Joup KacOMii KOMIIETEHTIMKKA 3ra Oynaauiap.

Mopaya 0yiin4a coatJjiap TAKCMMOTH
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HA3APUI BA AMAJIMI MALIFYJIOTJAP MAZMYHU
1-maB3y: HanoOuoTexHOI0rHs - OMJI0JIOTHA Ba OMOJTOTUSTHUHT
PHUBOKJIAHMIIMHM AHIM 00CKUYM.
HanoOuotexHonorust - OGMONOTUSI Ba OMOTEXHOJOTUSI PUBOKIAHUIIMHUHT
SHrYM 00cKM4K. HaHOAYHEHM TalIKKUI KMUITyBYM OMOMaKpOMOJIEKyJanap.

2-maB3y: JIHK mosieky1acMHMHT CTPYKTYpPacH Ba X0ccajJiapu
acocuJaru HaHOOMOTEXHOJIOT Usl.
JIHK  monekynacMHUHT  CTpyKTypacu Ba  XOccajapd  acocuja
HAaHOOMOTEXHOJIOTUsLIIAP:

3-MaB3y: I'eH MH:KeHepHUsICH YCYJIM ACOCUAATH HAHOTEXHOJIOT usjiap.

['en  WHXEHEpUsACH  yCYJAM  acOCHJard  HAaHOOMOTEXHOJOTHUsIap.
CyOxyxaiipa (HaAMOJEKyJslp) Japaxkaaa  TallKWil  KWIMHTAH  TUPUK
CUCTEMAJIAPHUHT  HAHOOWMOTEXHOJOTHsIapu.  XAETHUHT  MPOKApUOT  Ba
Xyx)anpacus HIaKJUTapuy/IaH, HAHOKOHCTPYKIIHLIIAP Ba
HaHOOMOTEXHOJOTUsIapAa  (oif1amaHul. buopeakropiap Ba
OnokaTau3aTopiIap HaHOOMOTEXHOJIOTUsIIApa.

YKUTHUII AKJLIAPHA
Maskyp MOy 1 Mabpy3a Ba aMajuil MallIFyJoTiap MIaKiua oaud Gopunaau.
Kypcau ykutum sxapaéHuia TabIMMHHHI 3aMOHABUN METOIJIapH, axOopoT-
KOMMYHUKALMS TEXHOJIOTUSIapH KYJUIAHWINIIY Ha3apa TYyTUITaH:
- Mabpy3a Japciapuia 3aMOHAaBHM KOMIBIOTEP TEXHOJOTHsUIApU EpaaMuia
IIPE3EHTALMOH Ba 3JIEKTPOH-AUIAKTUK TEXHOJOTHIIApAaH;
- YTKa3uWjaaJWrad aMajuid MallryJoTJapAa TEXHUK BOCUTAJIapAaH, 3KCIpecc-
CYpoBiap, TECT CYpPOBIAPHU, AKIHN XYk KYM, TYPYXJIH (PUKpJall, KHYUK Typyxjap
OwiaH uWOUIall, KOJUIOKBUYM YTKasuil, Ba OOIIKA MHTEPAKTHB TabJIUM
YCYJUIApUHHM KYJUTall Ha3apaa TYyTHIIAaIu.
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MOJYJHU VKUTHILIIA ®OUTATAHWIAINTAH UHTPED®AO.
TABJIMM METO/UIAPH.

“JlaBpa cyxoaTtu” MeToaun
Alimana cton arpoduma OepwiraH MyaMMO €KH CaBOJUIap IO3acHIaH

TaBJIMM OJyBUMJIAP TOMOHUAAH y3 (UKp-MyJoxa3ajlapuHu OWIAUPHUII OPKATU
onu0 OopMIIaUTraH YKUTHUII METOIUIHP.

“JlaBpa cyx0aTu”’ METOIU KyJJIaHWITAHJa CTOJI-CTYJUIAPHU JIOMpa IIaKIHIa
YKOMIAIITUPHIN Kepak. by Xap Oup TabiuM OJYBUMHHHI OUp-Oupu OusiaH “Ky3
anokacu ’HU YpHatuO Typuiura épaam Oepaau. JlaBpa cyxOaTHUHHUHT OF3aKHU Ba
€3Ma makiapu MaBxyaup. OF3aku gaBpa cyx0arujia TabiuM OepyBYH MaB3yHU
Oomad Oepaan Ba TabiIMM OJyBUWJIapAaH ymiOy caBoi Oyiuua ¥3 Qukp-
MyJIoXa3aJapuHu OWIIUPHIIIAPWHN CYpaiIu Ba aityiaHa 0yimad xap Oup Tabimm
oJlyBuu ¥y3 (pukp-MynoxazanapuHu or3aku 0aéH stamunap. Cy3nmaérraH TabiuM
OJIyBUYMHHM Oapua JUKKAT OWJIaH TUHTJIAWIU, arap MyXoKama KWIHII JIO3UM OYyJica,
Oapua QuKp-mynoxazanap THHTIAHUO OYIMHraHAaH CYHT MyXOKama KWJIMHA]IU.
By sca TabauMm onyBUMIIAPHUHT MYyCTaKuI GUKpIAIINTra Ba HYyTK MaJaHUSI THHUHT
PUBOXITAHUIIINATA EpJlaM Oepajiu.

(e,

2

benrunap:
1-Tabanm onyBuMnap
2-alinaHa cTon

T

JlaBpa CTOJIMHUHT TY3WJIMACH
Esma naBpa cyx0aTuja cToN-CTyJlap aiiflaHa INaKIua >KOMIaIlTUpHUING,
xap OUp TabJIMM OJIyBUMIa KOHBEPT KOFO3M Oepuiaan. Xap Oup TabJIUM OJyBUH
KOHBEPT ycTWUra MabiyM Oup MaB3y OVitmua y3 caBonmHu Oepanu Ba “/KaBoO
Bapakacw HUHT Oupura ¥y3 >kaBoOMHU €3u0, KOHBEPT WYUTa COJUO KYsIu.
yHnan cyHr KOHBEPTHU COAT WYHAIMIIM OYinda €HMIArd TabJIUM OJyBUWTa
y3aTaau. KoHBepTHHM onraH TabiuM OJyBUM y3 xkaBoOuHu ‘YKaBoOuiap




Bapakacu HUHI Oupura €3u0, KOHBEPT WUYMra COauO KYsSau Ba EHUAATU TAbIUM
oJTyBYMTa y3aTaau. bapya koHBepTiap aimana Oyiia0d xapakariaHaau. SKyHHiA
KucMaa O6apua KoHBepTiIap MuFuO onuHuO, Taxiaun KunuHaau. Kyiinna “JlaBpa
Cyx0aTh’’ METOJMHUHT TY3WJIMACH KEITHPUIITAH

Cyx6aTHM YTKasuwW wapTtaapu 6unax
TaHULWLITUDULL

l

KoHBepTtnap Ba “aBobnap Bapakanapu”’Hu
TapKaTuL

l

KoHBepTnapra caBonnap é3suw

l

KOHBepTHM éHMAaI'M TUHINOBYMUra y3aTUll

|

Casonnapra »aBob ésuw

l

Bbaxonalu Ba TaxAuMA KMauLl

“JlaBpa cyx0aTH” MeTOAMHHUHT a(3a/LIHKIAPH:
e VTWIraH MaTEPUAIIMHUHT SXIIH AC/a KOJUIIUTa EpiaM Oepaiu;
e (apya TaBJIUM OJIyBUMJIAP UIITUPOK dTaAUIAD;
e Xap OMp TabJIWUM OJTYBYM Y3WHUHT 0aXO0JIAHUIIHN MAChyJIUSITUHU XUC ATAIH;

e V3 bUKpUHM SPKUH U(POJa ITUIT YIYH UMKOHUST SIpATUIIAIH.

“TymyH4yajap TaXJIMau” MeTOIu
MeToaHMHT MaKCaau: Ma3Kyp METoJa Tayiabangap €KY KaTHaAITdUJIapHU
MaB3y OyiiM4Ya TasHY TYIIyHYAJIApHU Y3JIAMITUPUII JapakaCUHU aHUKJAI, V3
OMJIMMITApUHU MYCTaKWJI PaBHINA TEKIIMPUIN, Oaxojall, NIYHWHTACK, SHTU
MaB3y Oyitmda mactiabku OwmuMmiap JapakKacHHH TAIIXUC KUJIUII MakKcaauaa
KYJUTAaHWIaIH.
MeTtoaHu aMalra OIMPHUII TAPTHOU:

® HINTUPOKYMIAP MALIFYJIOT KOUAaJapy OUiiaH TaHUIITHUPUIIAIN;




e TUHIJIOBUMJIApra wmam3yra ¢€ku ©OoOra Terunu Oyiaran cysnap,
TyIIyHYQJIap HOMH TYIIUPWITaH TapKarManap Oepunaau ( WHAUBUAYyaT EKH
TYpyXJid TapTuo/Ia);

e THUHIVIOBUMJIAP Ma3Kyp TyLIyHYajap KaHJIaid MabHO aHMJIATUIIN, KAaYOH,
KaHJ1ail xoJaTiap/ia KyJUIaHWIKIIN XaKuaa €3Ma MabliyMoT Oepaiuiap;

e QenruiaHTaH  BaKT  SKyHWTa  €Trad  yKATYBUM  OepruiraH
TYIIYHYAIAPHUHT TYTPH Ba TYJIUK HW30XWHH YKUO DJIIUATTApaaAW €KW Crlaij
OpKaJId HAMOMMUIII 3TA/IH;

e xap OMp HINTHUPOKYM OepwiraH Tyrpu >kaBoOJiap OWiIaH y3WHHUHT
IaXCH MyHOCAOATWMHHM TaKKOCHauau, (GapkiapyHu aHUKIAWId Ba Y3 OUIUM

JapaxxacuHU TEKIIUPHUO, Oaxoaiiu.

«XyJocanaun (Pesrome, Beep) meroau

Metoanunr makcaau: by wMerox mypakkal, KYNTapMOKIN, MyMKWH
KaJap, MyaMMOJM XapakTepujard MaB3yJapHU YpraHuiira KapaTHJIraH.
MeToTHUHT MOXUSTH IIyHAaH NOOpaTKH, OYHIa MaB3YHUHT TypJu TapMOKJIapH
Oyiinua Oup xuia axOopoT Oepuiiagu Ba alHW MaWTHa, YJApHUHT Xap Oupu
ajoxXyja acmhekTiiapja Myxokama dTuiaau. Macamadn, MyaMMO MXOOUM Ba
canouii TomoHmapu, ad3auK, ¢daszuwiIaT Ba KaMuWiIdkiapu, ¢oiiga Ba
3apapnapu OViinua ypranuwiaau. by wmHTepdaon MeTon TaHKUAMM, TaxJIMIINM,
aHUK MAaHTUKUN (QukpramHn MyBa@(akusaTIM PUBOXKIAHTUPUIITA XamJa
TUHIJIOBYMJIAPHUHT MYCTAaKWJ Fosulapu, (GUKpJIapyUHU €3Ma Ba OF3aKd IIaKiaa
TH3UMIIM Oa€H OTHIN, XUMOS KWIWINTa HUMKOHHSAT sipatamu. ‘“Xymocanamr’
METO/IMJIaH Mabpy3a MaIIFyJIOTIapuia WHAUBUAYyal Ba Ky(pTIUKIapAaru Wil
IAKINA, aMaldid Ba CEMUHAp MAIIFYJIOTIapuAa KUYHK TYpyXJiapAard Wil
HIaKjauaa Map3y lO3acuJaH OWJIMMIIADHU MyCTaxKamJjall, TaXJWiId KWIMII Ba
TaKKOCJIaIl Makcaauaa (GongaiaHuil MyMKHH.




I11. HABAPU MAIIFYJOT MATEPUAJLUIAPH

1-maB3y: HAHOBUOTEXHOJIOTI'US - BUOJOTUSTHUHT
PUBOXKJIAHUIINHU AHI'YM BOCKNYMU.

/ PEXKA: \

1.1. Hanobuomexnonoeus 6a OUOHAHOMEXHONO2US. 3AMOHABUL
buomexHono2us: UULIA0 YUKaApuL HcapaéHiapuoan, 0a8oNAUHUHE SHeU
Memoonapueava.

1.2. 3amonasuti 6uomexnonocus: anmumananiap, pepmenmunap 6a HyKieuH
KUCIOMAnapoaH ¢ouodanranuuea acocianean mexHoaio2usap.
buonanomexnonozus: nanomexnonozus a OUOMeEXHOI02UA Ye2apacuod

1.3. Tupux cucmemanaprure my3uruuuny Kyn OOCKUYIUIUSU.

1.4. buomaxpomonexynanrap (buonorumepiap): HyKieur KUCIomaniap, OKCul
M000anap 8a noaucaxapuoiap.

\ 1.5. Tupux xyocatipanapoa oxcuniu “narnomomop nap. /

Tasnu wubopanap: Hawocmpykmypa, Hanoxoouca, cyoxydcaupa,
HAHOMCADEH, HAHOOYHE, HAHOOUOMEXHON02US, ¢ubpobracmaap,

gyopecyenyus, ghayopoxpomaap.

1.1. HanoOmoTEeXHOJIOTHS Ba OHOHAHOTEXHOJIOTUsl. 3aMOHABUA
OMOTEXHOJIOTHS: NILJIA0 YMKAPHUI KAPAEHIapHUIaH, JABOJAIIHNHT SHIU
MeTOoAJIapurava.

Hano6uorexnonorust ¢anu ¥y3 TtunHriopumwinapura XXI acpHuHr HSHT
MyXUM WIMHANA WYHATHIIApU OYiaraH OMOTEXHOJIOTHS Ba HAHOTEXHOJOTHUSIIAp
yerapacuja naigo OyiraH WIMHHUHT SIHTYM HWYHAIMIIN XaKuJ1a MabIyMOT Oepau.
by ¢aH OWOJOrMSHUHT SIHTM WYHATUIIMHUHT (yHIAMEHTAl NPUHIUILIAPH,
METOJJIapy, PUBONKJIAHUIIMHUHT KEHT MCTUKOOJIJIapU Ba MIUIATWIMIIKA XaKHaa
owiim Oepaau. By dan Oup-Oupu OusaH OOFIMK OYIAraH WKKU y3BHM KHUCM:
OMOJIOTHUK TaJKUKOTIapaa HAHOTEXHOJIOTUSIHUHT MPUHIUIUIAPHU 1aH
dolinananuira acociaHraH-HaHOOMOTEXHOJIOTHSI, Ba MOJICKYJIIp TaHUO OJIMIII
XamJia ¥3-y3ujlaH WUFUIUI KaOu OMOJIOTMK NPHUHIMILIAD Ba XOJucaliapjaH
HAHOTEXHOJIOTUK Basu(alapHU Xajl KWIHIIIA UIIaTHIaAUTraH-OMOTEXHOIOTHS
MYHAIMIUIAPHU MyXOKama KUJIaIu.

Arap XX acp ¢wusmka, dJICKTPOHHKA Ba TEICKOMMYHHUKAIMSUIAD acpu
oynran Oyica, 6u3 smad Typrad acp, XX aCpHUHT UKKUHYH spMHJIa OOTIIJIaHTaH
Ouonoruk  WHKWIOOMap  (MOJEKyJissp OWOJIOTHs, T€H MYXaHJIUCIUTH,
OMOTEXHOJIOTHS) XaMmIa aXOoUnO OUp SHTU WYHAIMII-KATTaaIurd HaHOMETpJap
OwinaH YiIyaHaauraH KypwiMallap Ba KOHCTPYKLMSIap SpaTHI, YJIapHU
Vpranuin Ba HWIUIATUIIHKA MakcajJ KWJIUO OJiraH HAHOTEXHOJOTHsIAp acpu
oymumu kepak. OpaTaa, XaKMaH KUYUKIAIITUPUIN >KapaéHHWAa, sSpaTUiITaH
TEXHOJIOTHSJIADHU MYKaMaJUTAIITPUII XUCOOWUJIaH MalllMHAJapHU KaTTaJIuTH
(Xaxxmu) kuuukiaamubd 6opagu. AMmo OyHIa, aHbaHABUN €HIAIIUII “‘KaTTajaH




KMYMKKa” TPUHIMION acOCHAa, MUHATIOpU3AIUsl yerapacura Te3 eTud OJIMHIY.
Kenaxxak MammHanmapuHyd TY3WIMIIUHU acOCUW TPHUHLIMILIApUIAH OHpH-
OPOTOTUIUIAPUHU  YIYaMMHM ~ MOJIEKyJajlapra HucbaraH  KymauTHpuil
xucobnanaau. bynnmaii émmammminan GoiganmaHuIaa, Xap KaHgald OMOJOTHK
cucTeManapja Kyriad ydpaiiiuraH HaHOMAaIIMHAIAPHU TY3WIMIIHHA YPTaHUII
xyna ¢oimanu Oynmaau. XakukaTAaH XaMm, (akaT TUPUK XyKalpalapruHa
UIUTAl  KOOMJSATUTM dSra OYynraH MOJEKYJIAp MalldHauap KOWJalra
oynagunap. lllynnait mammHanapHu sipaTyilra HAaHOTEXHOJOTUsIAp EpaaMuia
SPUIIMII MYMKHH. MOJEKyJsip ABUTraTeuiap, yra ce3rup HaHocencopnap, JJHK
PeIUIMKalUACH Ba OKCUJI CUHTE3U MEXaHU3MJIapH, Xxamaa Oomika Kymiad KU4uK
XKMIIM MoJIeKyJajgap -3 MIIpA. Wuil aBBaj Mmaiio Oyiran OakTepusiiapHU
yTMunponuiapu 6yarad yta coana xyskaipanapiaa xam Oynranmap. Opranusw,
HBOJIIOIMOH JApaxXTUHUHT KaHYAJIUK IOKOPUPOK IIOXUJA »Koilamran Oyica,
yJIapHU HaHOMAIlIMHAJIApHU IIYHYAJIUK Mypakkad Ba KywIupok OVmaau. AmMmo,
dakat xa€t nmaigo OyaraHugaH MUWUIMapIad wuiap yTrad, OU3 TEXHUKAnA,
HAHOTEXHOJIOTUSIHUHT “TaHUII Ba “y3-Y3UAAH WUFWIAIL TPUHIUIUIAPUIAH
doiinanana OoILIAIMK.

bomika TOMOHIAaH, HOOMOJIOTMK CHCTEMallap Y4YyH spaTWiraH Kymiad
dbyHIaMeHTa)l Ba aMalliii HAHOTEXHOJOTHsIap, Mypakkad ceHcopiap, TYKuMa
MYXaHJIUCIUTH Y4YyH MOJIEKYJISIp KapKaciap spaTUll Ba OKCHJUIApHU
Moaudukanusicu Ba in situ maporuaa JHK monudukanuscu kadbu Ouosorux
MyaMMOJIApHU XaJl KUJIUII YYYH XaM KyJla KyJIai.

HanoOunotexHosmoruss Ba  OMOHAHOTEXHOJOTHSUIAp  OJAUAA  YJIKaH
uctukOoap ounnMokna. by danmap Oup-Oupnapu OuiaH KYIIATUIIH
THOOMETAA MHKIIIOONH Y3rapuiuiapura oiud Keauiu KyTuiamokaa. by dbannap
WHCOHHUHT KYTIa0 KacauTMKIapuHU OyTyHJaW WYKOTHO r0O0OpHUIIUra Xu3maT
KWia osmmd OamopaT KwinmHMOKna. SAxkun kenaxakga OWTC, caparton
KACAIUTMKJIAPUHU  JaBOJIAlll, Y3 BaKTUAA TMOJUMHEIUT €KUM TyOepKyJés
KACAJUTMKJIAPHU JlaBOJalllJla JPUIIWITaH IOTyKJIapra TEeHr Oyiau0 KOJUIIH
Oamopar KWIMHMOKAa. Opam OpraHusMujard T€HETHK Y3rapulUIapUHU, Y
TYFUJIMACJaH aBBAJIPOK TYFpiiall MyMKUH OYynamu. OpraHu3mra KUPUTUIITaH
HaHOpoOOTIap, yTa Mypakkad >KappoXJUK aMaluéTiiapuHu (MacaiaH, MUSA)
Oaxxapun MyMkuH. Hanomammnanap Xyxaiipa napaxacuaaru BasudaiapHi Xal
KWIMITA WMKOHWHU Oepumu MyMKuH. Pean Baktaa, TYFpuiaH-TYFpu
OpraHu3MJla TEHETHK aXxOOpOTJIIApHU MAHUIYJSIHUS KUJIUII MYMKHUHIIUTH,
Ky11a0 MHUCOJUIapaaH OupuIup.

Momnekynap ~ “TaHunr’ — TPUHIMUIUIAPUIAH,  KIACCUK  OWOJIOTHK
cucTeMalap/iaH, KyJa y30K OyiraH cuctemanapiaa xam ¢oiaiaHuil MyMKHUH.
HaHOTEXHONOTUSHUHT ~ UCTHKOOUIM  TapMOKJIApUAAH  OUPU-MOJEKYJIAp
3JIEKTPOHMKA XucoOiMaHaau. bruoMornekynanapau y3apo TaHUYII UMKOHUSTIAPH
Ba ¥3-y3uJlaH Mypakkad CTpPyKTypajiapra WUFWIMIL CUCTEMajlapujiaH, SIKUH
KeJlaXkak/ia yTa abjo MOJENb CHUCTeMallap SpaTHUIl MakKcaauJa WIUIATUIUIIN
MyMKUH. TaIKUKOTIApHUHT Oy WyHamuim, XX acCpHUHI SHI MYXUM HJIMHIA-
MYXaHJIUCITUK COXACU-KPEMHUNIM MHUKPORJIEKTPOHUKA OWIIaH TYFpUIAH-TYFPU
oormukaup. bruonorusara acociiaHraH HaHOTEXHOJIOTHUS, “KPEMHMI TyHECHHUHT
XO3UPrd BakKTAa MablyM OYyJraH dYerapajaHTaHJIUTHUHU OJIIUHU  OJIMII




MMKOHHHM OCpHIIM MYyMKHH. “Y3-y3umaH HUfdInm” MPHHIMIE acOCHIA
ANEKTPOH KYpWIMAJIAPHU “MOHTaX KWIAJAUIraH HaHOMAIIMHAJIAPHU MaK0
Oynuinu, Oapya AMEKTPOHUKAHU TyOJaH Y3rapTUPUIIN MYMKHHIIWTH Ba KaTTa
UCUKOOIap OYMIIM KYTWIMOKJA. banku, OWOHaHOTEXHOJIOTHSAa COIUP
Oynmamuran MHKWIOOWH Y3rapunuiap, MaHTUKANA (UKPIAIIHUHT MOJIEKYJISIP
MEXaHU3MHUHH TYIIYHHUINTa Hyn o4yu® Oepuii MyMKHH, Oy 3ca, CYHBHI
MHTEIJJICKTra 3ra OyJIran MallfnHajiap SpaTHIl UMKOHUHH Oepajiu.

AMMO, HaHOOMOTEXHOJIOTUSI Ba OMOHAHOTEXHOJIOTUsIap acpuiaa, rysuiad-
AIIHAII OWJIaH YYJIJIAaHUII Opacuaru yerapa xyaa Haduc OYIUIIMHU XaM dCAaH
YUKapMacCIUTUMH3 Kepak. YJIKaH UMKOHUATIAp/aH YpuHiIu Goinananuil yqyH
KABOOTApJIMK KeJIrycHaa OJUMIIap Ba MyXaHAuclIapra IokiaHaad. buzHuHT
Ba3upaMu3-WIMHUIA MUHKUIOO0 MeBaslapu, (akaT MHCOH YYyH XU3MaT KUJIUIIHU
TabMUHJANIaH nOopar. Xeu Oup WIMHNA IOTYK MHCOHUATHHU TaHa33yjlra ko3
TYTUIIUTA UIUIATUIMACIUTH KEpaK.

buorexHomorusi Ba HAHOTEXHOJIOTMSIHM  OWp-OupHra sSKUHJIAIIyBU
HucOataH sxkuHaa Oouvtanau. llyHra kapamacgan, Oy jkapa€H XyAa SXIIH
HaTwkamapra oOJud KeJad. OHr  aBBaJlo, KJIAaCCMK Ba  3aMOHaBHil
OMOTEXHOJIOTUSIHUHT aocCiapy Ba yJlapHU HucOaTaH “€ur” WIMHANA WYHAIMII
“HaHOTEXHOJIOTHS OWJIaH KaHJlail yupalraHJIuKIapy XaKkuia TYXTaauo yTamus.
“HanoOuorexHoyiorus’ aTaMacu — HaHOKaTTAJIMKIArk eTaKuH,
MaJlaKaBUMIAIITaHOMOTEXHOJOTUK METOJUIap Ba MaxcyJoTiiapra HucOataH
UIUIATAITaH. YJap peajll BakTla MIUIOBYM CE3TMPPOK Ba aHMKPOK ‘“‘Uwumnaa
nabopatopus” (lab-on-chip) Ba HaHOCeHcopiapra yximaraH HaHOCHCTEMaJap
ApATUILTa KAPATUIITaH.

JlopuBOp MOAJaNapHU UILIA0 YUKAPUIIHM OOLIKAPHIL, MyXaHIUCIUK Ba
TUPUK TYKMUMaHU pEreHepanusCd Yy4yH HAHO TapTHOIM MaTpulajiapiaH
doitnananuin kabu HYHAIMIUIAPHA Y3 WYUTa OJaIH.

“BUOHAHOTEXHOJOTUS” aTaMacu — OHWOJIOTMK KYpWUJIUII OJIOKJIApUHU
unuiaTum, OuocnenuPukIvK Ba OWOJIOTMK (aoUIMK acocuaa sipaTUiTaH
3aMOHAaBUH HAHOTEXHOJIOTHsIIapra HUcOaTaH WIUTaTUIAN.

buonanotexnonorusgan  (Qoigananum  gakar Ouosiorus  BasudaIapUHU
Oaxxapumn Owmnad dyerapananmaiau. Macanan, JIHK onuronykneoruanapu,
NeNTUUIM ~ HAHOTpyOKasap Ba  OKCWUIM  GuOpwanap  Kelaxakia
OMOHAHOTEXHOJOTUSAJIAPUIA; METaUl HAHOYTKAa3yBUWIAp, 95Ca MOJIEKYJISp
AJIEKTPOHMKA Ba HAHOXJIEKTPOKUMENA HIIIATUIIAAUTaH OOIIKA HAaHOAJIEMEHTIIAp
SApaTUIl YIyH UIUIATHINAILIIAP MyMKHH.

Knaccuk OuorexHomorusi: Ouonoruk (aon MoamajsapHu  CcaHOAT
MIApOUTHU/IA UIILIA0 YMKAPUII yUyH OMOJIOTHK cucTeMaapaad (oiiaaaHuiau.

buorexHomorus - eTyk wiMuii ityHanui XX acCpHUHT OMPUHYHN IPMUTAEK
American Heritage Dictionary nyratuga, OMOTEXHOJIOTHUS aTaMacHHU Ma3MyHH
0aén kunuHrad. by ¢gannu nmpeametu — “OakTepusiiap, aduTKU 3aMOypyFiapu
kaOu MHKpoOpraHu3miiap €ku (QepMeHTIap KaOu OOJIOTMK MOJJIajJapHU
caHoaT/a Ba UILIa0 YMKAPHUIIAA UITUIATHUIIL .

buonoruk >xapaénnapaan caHoatna (oganaHuWIl, MacajlaH, KpaXMaJHU
Clostridium acetobutylicum Oaktepusicu €paamuaa OMKFUII OPKaJIM alleTOH




onuil, 1916 ftunaa wynra kyiunrad. Penicillum notatum aHTUOMOTUTMHM OJIUIII
yTran acpHuHr 40-iwapuia Wynra Kynuiras.

bav3u  omumnapHuHr — Qukpuya, OOTeXHONOTHUAJAH  amManuéraa
doiinasiaHnIl aHYarvHa OJIIMHPOK OOlNUTaHTaH. AYWTKHA 3aMOypyFiapu Ba
OakTepusuiapyu €pAamMujia MUILIOK Taiépiam OonuiaHraHura OWp Hedya MHHT
HWyuTap YTraniaurua xakuaa Gukpiaap OWIIupriiras.

Bakr yTuim Ounan OMOTEXHOIOTUS NMPEIMETUHNA MabHOCHUTA Y3rapHIiliap
KUpUTUO Oopuiiau. 3aMOHABUN OMOTEXHOJIOTHSIHUHT jJabopaTopusi Ba caHOAT
mapouTuaa oJiud Oopuiaran Kyrjiad WyHaauiuiapu, amaauid Ouosoruk (anmap
Jovpacujia pUBOXKIAHTaH Oyica-fga, ajloxujaa WIMUKA coxa cudaruaa
maKulanMaau. Amanuériaa, OMoMoJeKyalap-A0pUBOp Mojjanap (MacajaH,
OKCWJI TaOMaTIM TOPMOHJIAp €KW aHTHTAHAJap) JaH Ooluiad TOKH MabiIyM
OMOMOJIeKyJIaJlapHi  ¥3ap0 TabCUPHU acoCUJa SpaTWITaH SIHTH JAUArHOCTHUK
BOCHTalapravya, (MacajlaH, AaHTUIE€H-aHTUTAHAHUHT ¥y3apo MyHocabaTura
acoCJIaHraH CUCTEMa MMMYHOJIMarHOCTHKA TYIUIaMH, KM HYKJIEMH KUCJIOTajap
KETMa-KEeTJIMTUHUHT KOMIUIGMEHTAPJINTYA TNpUHIHIUIapuaa spatwirad, JIHK
MUKpPOYMILIApH) OMOTEXHOJOrUA €0 aTad KeJIWHIH.

dapmarieBTuKa CaHOaTH Ouan 3aMOHaBUI caHoat
OMOTEXHOJOTUSICUHUHT (DapKu, acocaH aMaluéT OuiiaH OornukK. dapmarieBTUKA
CaHOATH aCOCaH MAacT MOJIEKYJAIH JTOPUBOP MOAJAANAp MILIA0 YMKapUIl OWIIaH
HIyFyJIJlaHCa, 3aMOHABUM CaHOAT OMOTEXHOJIOTHSICH, (DYHKIIMOHAT OKCHJLIap Ba
aHTUTaHaapra yxiaraH MMpUK OMOMOJIEKYJIaIM OUpUKMasap UILIad YUKapUIIl
OwJiaH 1IyFyJUIaHaIu.

Macanan, Amgen 1e0 HOMJIaHTaH UMPUK OMOTEXHOJIOTUK KOMIAHUSHUHT
nacTiIabKu MaxcyJoTu 3puTponodTuH (tuxopar Homu - EPOGEN) oxcumu
oynran. Tupuk opraHuzmiapaa Oy OKCHJI 3PUTPOIMUTIAPHU XOCHJ OVIMIIIUHUA
kydaitupagu. AKII HUHr O3UMK-OBKAaT MaxcCyJIOTJIapy Ba  JOPUBOP
MoananapuHu cudatuHu Hazopar Kuium Oomkapmacu (Food and Drug
Administration, FAO), 1989 iiun Oy npenapaTHu KacaJulapHU JaBoJlall YYyH
dbolinananumra pyxcar OepraH Ba Yy  (OpUTPOINOATHH), 3aMOHaBUM
OMOTEXHOJIOTUSIHUHT OMPUHYHM MpenapaT OYiraH.

bHOTEXHOIOTHK MaxcyJoTiiapra MHUCOJN KWIMO, pPEKOMOMHAHT oOJlaM
WHCYJIMHWHH, OJaM HWHTEep()EpOHWHH, OJlaM Ba XYKU3HH YCTUPYBYH
TOPMOHJIAPHU Xamjia TepaneBTUK aHTHUTAaHAHW KYpCaTUIl MyMKUH. TeparneBTUK
aHTUTaHAJIap UIIa0 YMKApUI, HUCOATaH SHTU Ba KyJa KU3HUK coXa. AdpuHamk
Ba CrenuMUKIMKHUHT aKOMNO xoccanapu Tydainu, OyHaail anttananap daxkat
HYHANITUPWITAH TabCUp KypcaTuO, Kymmmua OOIIKa KUCMJapra TabCup
sTMacAaH Typuod V3 GpaoausTHHN HAMOEH KUJIA/IH.

Axuaga, AVASTIN HOoMIM pekoMOMHAHT MOHOKIIOHAJ aHTTaHa
spatuiau. by aHTUTaHa, KOH-TOMHUD SHIOTEIUSICHHH YCTUPHUIN (paKTOpH OuaH
cnenuuk OOFmaHMO, yHU OHOJOTUK TabCUPUHM WHTUOMpPIA0  KyHHI
XycycusiTura ira. by mpemapar, ogaTaard KuME Tepamusi METoJuIapu OuiaH
JaBojiad OyiMmaiiuran KacajuluK, WYFOH WYaKHHM “UKKWAJIAM4Yd KapIuHOMacu’
OWJIaH OFpUTaH KaCaJIHU JIaBOJIalll UMKOHUHU Oepaju.

Opnam uHTEp(dEepoHU - 0J1aM OPraHU3MHHHU BUPYCIH HMH(EKUuAra >kaBod
Oepuiuga acocwil pon YiHalaWraH OKCWJ Ba Oosajap Xamjaa YCMUpJIapHU




MebEpA YCUIIHU TAbMUHJIOBYHM, MYXUM pPEryJsiTOp OKCHUJI -  OJAMHUHT
YCTUPHIII TOPMOHUHH aXaMUSITH OSKUECTHP.

Xo03upru BakTAa JOPUBOP MojAa cudaThaa HILIATHII MAaKCaAuaa Kyaa
KYIU1ad OKCHJI MOJJiajiapy TEKIIMPHIIJIaH YTKazwiMokaa. OKCcuil Ba MENTH
Tabuatnu MojjdajapaaH TuOOuéraa doimanaHuImHA dYerapanad KYIOBUH
OMIUIJIAp/IaH OMpH, yJIapHU OFU3 OpKam KaOyn KO Oyiamaciurumup. Orus
opkanu KaOynm Kwuica Oynaguran Kymiad macT MOJEKYJIAp JOPHUBOP
Mojanapian Gapkiav YiIapokK, OKCHJ Ba MeNnTujjap TaOuatiu OupHUKMaap
OILIKa30H-MYaK Myuiapuaa napyaianu6 keraawiap. LIIyHUHT ydyH XaMm ynapHu
dbakaT MHBEKIUS OpKaIM KaOyn KWIMII MyMKHUH. By sca, yil mapoutnna xap
oMM XaM OynaBepMaiau. By MyaMMOHM HaHOTEXHOJOTUsAIaH (oigananran
XOJila €4ull MYMKUH. Macajian, OMOMOJIEKYJISIp JOPUBOP MOJJATapHU TEPH
Tarura OFPUKCU3 KHUPUTHUII YYyH, MaTpullara VpHATWIraH ro3nad, MHUHIIa0
HaHOIINPULITIApIaH doitnananuin MYMKHH. Sna oup MUCOJI,
HaHOTAlTyBUMWIapAaH (oHAaTaHUII XO3WPTH MaWTAa, OBKAT Xa3M KHJIHII
UYIMHUHT OONUIaHFUY KUCMMJAH Oy3uiaMmacinan yTtub, ¢akaT uyakaa 3pud
KeTaJiraH TallyBYHJIap CHHOBIApAAH YTKA3UIMOKAA.

[lyHuHraek, remaTodHUeQaIUK  TYCUKIapJaH  YTuO,  JOPUBOP
NENTUIADHA MUSHH IIHAIIATa €TKa3uO OepyBUYM HAHOTANTYBUMJIAD SPATHII
yCTUJAa XaM TaJKUKoTIap oyiubd OopunMokaa. HaHortamryBuunap OHMOJIOTHUK
(mentuanu HaHOcdepara YTkKaszuil) €K HOOMOJOTHMK TaOWaTiIu MaTepuaiap
acocuna spatwiuil MyMkuH. Huma Oynranma xam, rOKOpHia KEJITUPUITaH
MabJIYMOT/Iap HAHOTEXHOJOTUSIaH (oimamaHul XUCOOUJaH OUOJIOTHSIHUHT
UIIUIAII JOUPACUHU KEeHTaUTUPHUIITra EPKUH MUCOJ OVI1a oiaauiap.

1.2. 3amoHaBuii OMOTEXHOJIOTHSI: AaHTUTAHAJIAP, GepMeHTIap Ba
HYKJIEMH KHCJI0TAJapAaH (PoilIaaHNIIra acoCJaHTaH TEXHOJIOTHsIap.
BroHaHOTEXHOJI0THA: HAHOTEXHOJIOTHS BA OMOTEXHOJIOTHA Yerapacujaa.

JInarHocTUK OMOTEXHOJOTUSHUHT acOCUi Basudacu — UMMYHOKHUMEBHIA
aHanu3, (hepMEHTATUB peakiusuiap kabu onokuméEBmuii meroanap, xamaa PHK Ba
JJHK rtexnomorusuiapu €Epaamuaa OWOJNOTMK MaTepuauiapHu  cudar Ba
MUKIOpPUI  aHMWKJamjgaH uoopar. HaHokoHcTpykuusiiap €xu Oomka
HAaHOX@XMra oJra OyiraH 3appadainapiaH QoifmanaHuin IIyHra yxIianii
JIMarHOCTUK METOJJIAPHU CE3TUPJIUTUHU Ba CIEUUPUKIUTAHUA OITUPAIH.

NMMyHOKMMEBHUI aHAIA3 acoCUa APATWITAH Ba JUArHOCTHKA MAKCaIn 1a
UIUIATUIaAUTaH HAHOTEXHOJIOTMK MaxCyJjoTjiapra, MUCOJ Kuiaub aénmnapaa
XOMUJIAJOPIUKHU AHUKJOBYM TECT KOFO3Jiap (yjap XOPHOHHMK TOHAJIOTPOITHH
ne0 aTtajiaiuraH ojJaM TOPMOHMHHU YTa KaM MUKJIOpAa CEe3yBUM aHTUTaHaJap
caknangmiap); renatut Ba OUTC Hu ce3yBum OHOKMMEBUIN TYTIIaMIIAPHU
KypcaTUIl MyMKHH. YJIapHU Oapyacu, TUAarHOCTUKAHU CaMapaopiUTHHH,
MOJICKYJIIp TAaHUO OJUINTa XOC OYiTaH IOKOpH mapaxanaru apuHINK Ba
cnenuuiMK OminaH OOFMMK. MUKPOCKONUK MOJISKYJSip “HUIIOH” Jlap Ba
YJIApHUHT “IEeTEKTOpJIapyu’ HYU UILUIAII NPUHIUIUIAPUHY SIXIIN YPraHUI OpKaJu,
TaHUO OJIUII MPUHITUIUIAPU/IAH TUATHOCTUKAHUHT Xap XWI Bazu(aiapuHu equI
Makcaguaa ¢oiganaHul MYMKWH. byHaaih MeTojyiapHU  CE3TUPJIMTUHU
OIIMPHIL, JUArHOCTHKAJa >KyJa KaM MUKAOpAa Hycxanap QoigaiaHul




UMKOHUHU Oepanu. MacanaH, KOHHUHI 3HT aCOCMN KOMITIOHEHTJIapuJaH Oupu
OynTaH — rI0KO3aHU MUKJIOPUHU aHUKJIAII YA9yH, KHYUK OUp TOMYU KOH KU(DOos
oynagn. Kepakin KOHHM 3ca, XO3UPTUICK MUWUTHIMTPIA0 3Mac, HAHOJIUTPHAA
ONUII eTapiau Oynaam Ba Oy WIN HaHOMMIpHIVIAp EpaaMuaa OakapuiiaguraH
Oynagu. Ym0y MaB3yHH [1aBOM JTTUPHUO, KOHAArW TJIIOKO3aHU MUKIOPUHU
MEKTPOKUMEBUN PEAKIMS Ba HAHODJEKTPOJ TYTYBUU UHWIl €pIaMujia YITHOBUYH
HAaHOKypHJIMara aBTOMaTHK J03aTopiap yiad, KOHra Kepakiyd BaKT/Aa, KEpaKIH
MUKJIOP/a WHCYJIMH KUPUTHO TYpPUIIHU TAIIKWI KWIAII MYMKHH SKAaHIIWUTH
XaKkuga (UKp KWIMII MYMKHH. Arap HIyHJal cucTeMa Tallkuil KWIHWHCA, Y
OINIKO30H OCTH Oe3uHu YTKup auader (1-tum) éku XpoHUK nuaderna (2-Tum)
UYKOTran PyHKIUSIIApUHA KUCMaH Oa)kapuill MyMKUH Oy Jau.

depMeHTATUB  peakuusiap/laH  JarHocTukana  (oiganaHUIIHUHAT
HaTWKacu cudatuga, XO3UPrd BaKT/Aa KEHT TapKairaH, TJIFOKO300KCH 1a3a
dbepMeHTH KaTalu3 KWIyBUM peaklMsra acoCJaHraH MIaXCHMl TIIIOKOMeTpiap
ApaTWITaHUHU KypcaTUll MYyMKHUH. [J1I0KO300KCcHIa3a (PEPMEHTH TIIIIOKO3aHU
[JIIOKOH KHCJIOTAaCHM Ba BOJOPOJ MeEpokcuaurada okcumnangu. KelnHru
MOJIJTAH! JJICKTPOKUMEBHI aHHUKJIAIl HATHKACUAA CUTHAJ TeHepaIysara yapaiam
BA pAKAMJIAHTAHJIaH CYHT, TIIFOKOMETP AUCILICUUTa YUKAIH.

~7 HM

I I

Fnokosa

FNIOKOH KUcnotacu

Boaopop nepokcnamn

FnoKo300KCHAA3a DNEeKTPOKUMEBMUIA
AeTeKTop

1.1-pacm. @epmenmamus peaxyus 8a INEKMPOKUMEGULL OEMEKMOP XAMKOPIUSUOA KOH
mapxubuoazu 2nKo3anu anukiaul. 1 1oKo3anu 2nok0300Kkcudasa bulan oKCuoaIazanod, 6000poo
nepoxcuou xocun 6y1aou 6a YHu KOHYSHMPAYUsICUHU INeKMPOKUMEGUL OemeKmop époamuda
anuxaanaou. bynoaii cencopnu pepmenm monexynracunu yruamueasa (<10 um) Kuuukiawmupuu
MYMKUH

By, OuoTexHonOrMsi Ba OJJEKTPOHMKA IOTYKJIApU acocuia THOpHUT
dbepMeHTaTUB-IIEKTPOH uHTEep(deiic sparumra EpKUH MHCONT Oyna oJaam.
HanoOworexHomoTHsITaH, IyHra  yXIIaraH JCTCKTOpPJapHH  MHHHATIOP
PYCYMJIAPUHU SIPATHII KYTHIMOK/IA.

JIHK  rtexHonorusiapura MUCON  KWIMO, OWOJNIOTMK  HyCcXallapHU
HUMaJIapra TETUIIUIA SKaHIUTUHYU €Tapiid Japa)xaja Ce3rupiuK OujaH aHUK1a0
OepyBun Ba OyryHTM KyHJa KPUMHHAJIWMCTHKAJAa KEHT WIUIATHIAIUTaH
MOJIMMEpasa 3aHKUPIIN PEAKITUSHA KSITUPUIIT MYMKHH.




Hyxneun kucnoTtanapHu y3apo TabCUPUHU CHIEUU(PUKIUTUTA aCOCIAHTaH
sHa 6up merox — Oy, JJHK — ummmap €xu JAHK — mukpomarpumanap. by
TEXHOJOTHsl ~ OupJaHuUra MHUHIVIA0, XaTTO YH  MUHIIA0  TeHJIapHH
IKCIIpEeCCUsCUHU YpraHuiml uMkoHuHu Oepamu. JIHK — wummap, nHadakar
dbyHnamenTan THOOMETIa UIIUTATUIIMINN, OAlKU KeNrycuja Iaxcuil Tuoouérra
XaM iy ound 6epa oau.

by wmerton, HanoTexHonorusiapiaH QoWaNaHUI XUCOOMAAH sHajIa
MyKaMMaJUJTAIITUPUIIUIIN ~ MYMKWH.  MacanaH, peakiusulapHd — “gunja
naboparopus” (lab-on-chip) unuatu® Mukpoxaxmaa oaud OOpHUIl OpKaju.
bynnait énnamm, TankukoT yuyH 3apyp O0yaran JJHK éku PHK mycxamapunu
X@KMHUHM ~ aHYaruHa  KaMaTHpuIl  UMKOHMHU  Oepanu. MetoanapHu
CE3rUPJIMTUHU  OIIUPHUII, alHMKCAa KpPUMHUHAIMCTUKA Ba YyTa XxaBduu
KaCAJUTMKJIAPHU JpTa JMArHOCTUKACH YYyH >kyna ¢omanu Oynmamu. XKyna
MyXuUM  OyiraH TagKMKOT  HYHanmuuuiapu  Katopuga  aTpod-MyXUTHH
MOHUTOPUHTH Ba Kypos cudaTuia UIUIATWIAAUIraH MoJJajiap Ba OHMOJIOTHK
areHTJIapHU aHUKJIAITHU KAPUTUII MyMKHH.

Oxopuna kentupud YTHIraHUIEK, HAHOOMOTEXHOJIOTHSI-HUCOATaH &Il
unmuil coxa. Hanorexnonorus-ymuamu nHanomerpiap (1/1000000000 metp)
OwJiaH yI4aHaIuraH cuUcTeMajap Ba KypwiMallap acocuaa sipaTWIagurad €Ku
ApaTWiIraH TexHoJorusapaup. HaHOTEXHONOTUSHUHT mHpeaMeTd  Oynuo,
MOJIEKYJISIp CUCTEMaJIap Ba MOJIEKYJIsip MurmiaManap (KBaHT HyKTara yxIiaras),
¥3-y3uaan Tamkui OYiagurad Kypuiamanap Ba MallMHaJIap XU3MaT Kujaausap.
By cucremanapHuHr Oapyacu MapTiM paBHILa “‘KUYUKIAH KaTTtara’ Je0
aTajagurad EHAAIIMIIHM Oup KucMu nAe0 XxucoOnaHaaun. MaHa wIyHzaai
EHIAIINII JOUpacuaa MOJICKYNAp “TaHWO onumu’ Ba “Y3-Y3ugaH WUFUIUIL
*Kapa€Hjaapu acocuja HAHOKOMIIOHEHTJIapJaH, Mypakkad  MamiuHanap,
KypuJManiap Ba yCKyHanap sipaTujiu.

HanoTtexHonorusaa Mojekyssip “ranu0 onuur” Ba “Y3-Y3uaaH WAFUIMIL
NPUHIUIUIAPUHYA aMajira OLIMPHILNJa OUOJIOTHS Ba OMOJOTHUK CHUCTEMalapiaru
TaHUO ONMII >Kapa€HJIapUHM axaMHsITH Karra. buomonekynaiap Ba
HaJIMOJIEKYJISIp KOMIUIEKCIap, TaOuui Kypuiuin Onokiapu 0ynub, ymap tailép
“raHn® oJlyBUM Moayiuiap” Ba OyTyH cuctemanap (macaiaH, pubocomanap —
Mypakka0 OKCUJI MUFyBYM JIMHUS ) BazudacuHu Oaxkapaauiap.

XaTTo HuUcOaTaH MypakKaOpOK Ty3WwiIraH CTpyKTypajap: XalBOH Ba
YCUMITUK BUpYCJapH, OaxTepusiiap (MuKpOO BUPYCJIAPH) XxaMm
HAHOKOMITOHEHTJIapJaH Tallkuil TomnraH. “KudukaaH karrara” MpUHIUIIAAA
WUFuIaaurad  CTPYKTypajJapHU  HUFWIMIIMHA ~ OWOJIOTMK TaHUO  OJIMII
OOIIKapUILIU MYMKHH.

Oxopu napaxkana crnenudukivkka Ba OuppaHura (TycaTiaH) XOCHII
Oymuim Tydaiaun OMOJIOTUK MOJIEeKyJanapAaH WHFHIMII Mypakkad OpraHuK Ba
HOOPraHUK HaHOMAIIMHAIAp Ba HAHOXKHUXO3JIADHU aBTOMATUK MOHTaXHUAa
“axyum kapkac” (smart scaffold) Bazudacunu 6axkapuin MyMKUH.

1“Karragan kuuukka” EHJAIIMIIHMHT HyHaIunuiapuaan  oupu-yY D
auTorpadus kapaCHUHU TYXTOBCU3 MyKamMMasulaliuo OOpHINM Ba KEMHMHYAIUK

! Ehud Gazit. Plenty of room for biology at the bottom: an introduction to Bionanotechnology. London:
«Imperial College Press», 2007. 1-8 p.




YHM sIHaJla MyKamMmas OYJraH TEeXHOJOrus OWJlaH aaMalITHPUIL XUCOOJIaHaIu.
Mynpaiik  MykamMMajamrad TEXHOJOTHsUIapaH OHpH, 3JIEKTPOH-HYpPIU
autorpadus €xku  (POKyclaHraH HMOHJIM TYIJIamjap acocuja sipaTUiIraH
mutorpadus. 2006 #imnara  KenmuO, MHUKPOIJICKTPOHJIM  KOMITOHEHTIAP
Taipnama WOUIATHIAaUran Jutorpaduk skapaéumap, 193 HM  TYIKUH
y3ywimrura sra Oynran Y® Hypmap wunuiatum xucobugaHn 90 HM s
Ce3rHpJMKKa eTraH. byHaan xaM KucKa TYJIKUHIN paauanusigad QonganaHul,
CE3TUPJUKHU 45 HM ra eTKasWlll, EPYFIMK HYpPJIApUHHU SJIEKTPOHIN Hypiap
OwiaH aJMalITUPHUII 3ca, SHaja KYNpoK ce3rupiuk (20 HM) ra SpUIIMII
MYMKHUHJIUTUHU KYpCaTraH.

Xeu mryOxa HYKkW, KaHaad EHJalmumigaH ‘‘KaTTajlaH KUYUKKa' EKH
“KMYMKJAH Karrara’ TMpUHIUIUIapuaaH ¢GoHgalaHuIIaH KaThbUi Hazap, Oy
MEeToAJIap OMOTEXHOJIOTHSIIAa KaTTa PEBOJIOLMATa OJUO KETUIIM MyKappap.
Macanan, OMONOrMK HyCXallapHU XaKMHHHM aHYaruHa KUYUKIIALIYBUTA OJUO
KeJyBYM MUHHATIOpU3ALUS YCYJIU, THOOMET MyoJlaXalapuHHU COAJANTAIITHPHUII
Ba OEMOPHHUHI Xa€TMHU EHrWJUIalITUpHIIra onud kenaau. by Wyn siroHa smac.
Hadaxkat ya4oBu, Oanku nry yI4oB HaTHKacHula Xap Xujl BazudanapHu Oaxapa
OJIaJIUTaH MypakKad HaHOMalIuHaNap SPaTUIIraH.

broTexHoI0THs Ba HAHOTEXHOJIOTHSI Yerapacuia sspaTUiraH MeToJIapHu
CE3rupJIMTM aHbaHAaBHM MeToajapra HUcOaraH YHiad, ro3mad maporadara
OLUUIINA aHUKJaHTaH. JlacTinaOku capaToH Xy>KallpacMHM OWpJaHWra aHUKJIAII
UMKOHUSTH, XaBOHM M(QIOCIAHTUPYBUM Ba XaBO TapKuOHIa MOPTIIOBUU
MOJJANApHA JKyJa KaM MUKJIOPUHU aHUKJIAIl YCYJUIADUHU SIPATHIIMILH,
TUOOMETAA, SKOJOTMK MOHMTOPHMHIZIA, TEPPOpU3MIAH Myxodaza KWIUIIJIA,
KUMEBUM Ba OHMOJOTMK KypOJUIApHU OJIIMHU OJIMIIAA TyOJaH KypuiMmaraH
HaTKanapra onub Kenumu Mykappap’.

1.3. TupUK cMCTEeMAJAPHUHT TY3WIMIIHHU KYTl 00CKUYIWINTH.
Tupuknukan OonuiaHFUd OOCKMYM (SHI YYKYp OOCKHMYM) MOJIEKYJISIp
0ockuu xucobmnanaau. by 00cKMYHU CTpyKTypa — QYHKIMOHAT OUpIUTH 0YIuo,
OouomoJiekyna €k Ouomnonumepiap (HYKJIEUH KHUCTOTanap, OKCHJI MOJiajap,
nojMcaxapuajiap MoJICKyJnalapu) xucobnmanaauiap. by Oockuyna, Xaér Ba
(baoausATHU SHI MyXUM >Kapa€Hjapu amajra OIlaaud: UPCUM axOopoTiapHU
CaKJIaHMIIM Ba y3aTWIMIIM, MOJJIA Ba SHEPrusl aJMallMHYyBU, Hadac oJMII Ba

oomkanap. buomonexkynanapaad HaMOJEKYJIAP CTPYKTypaiap MIaKkJIaHaIu.

CyoOxyxaiipaan OockMY (FapaxkacH), MOJIEKYJSIp Ba  XyKailpa
OoCKMWIapu  opacumard YTyBYM OoOcKud XucoOnaHaau. by OOCKUYHHHT
OWPIUTH — TUPUK CUCTEMAHUHT HAIMOJICKYJISIP CTPYKTypallapu XHCOOJIaHaau
(omemeHTap  OWMOJIOTHK  MeMOpaHa, OpraHoMgHU Ccy0  Oynmakdamapw,
opranoujyiap). by 6ockuuna comup OVnaauran xa€Tuid >kapa¢Hiap/ia HaMOEH
oynau.

Xyskaiipa Oockuum (apaxacw) —  XyXKailpajapra, MYyCTaKuJ
opranu3miap (OakTepusiiap, NOpOCTEHIIMIUIAp) Xamaa, Ky  XyKapaiu
OpraHu3MJapHu Xyxkadpaigapu  cudaruga kapam OOCKMYM XUCOOJIAHAIHU.




Xyxarpanap, OMOCUHTE3, O3UKJIaHUII, Hadac OJIMII, PUBOXKIAHUII, KYTIAaWUIIl Ba
X.K. XycycHusiTiapra sra Oynrannura tydaiinu, yiaap THPUK TaOMAaTHU TAIIKWUI
OynuImmIa acocuii CTpyKTypa 0ymmnb Xu3Mat Kuiaauiap.

23 3KydT XpOMOCOMaaH TaLKWA
TOMraH Xyxavpa agpocu

[HK 3aH}Ku1pun

1.2-pacm. Xaémnu mawkun 6yauw 60CKU4IAPUHURE MONEKYAApP (VH20a),
cyoxyacaupasuit (ypmaoa) ea xyxcatipasuti (4anoa) Kypunumuoazu OUoI02UK

cmpykmypanap.

Tykuma 6ockuuu. by Gockud, sBoIONMS Xapa€HUAA, KYIXyKakpaluk
Ba XyKalipajapHu crienuanuzanusicu (auddepeHnuanuscu) naiiaa Oyiaranauru
cababmu, kenud YUKAU. YHUHT CTPYKTypa — (PYHKIIMOHAN OUPJIHIU — TYKUMA.
Tykuma — kenud YuKUIIM, (QYHKIUSIApU, KOWIAHUIIM Ba KYI XojaTiapaa
Ty3WIMIIM XaM Oup Xui OyinraH XykailpajJapHU Ba YJapHU XOCHJIAJapUHU
TymaMu xucobsananu. Tykuma napaxacunaa (00CKU4Ynaa), sSsHTu XOCuiI OViran
XyKalpajgapHU CIEIUaTN3alnsiICH, XyKalpaaaH TalllKapyuaard CTPYKTypaJapHH
IAK/UTAHWINNA, PUBOXKIAHUIIN, (AOJUAT KYpCaTUIIH Ba TYKAMaJapHH
pereHepanusicu (KaiTa TUKJIAHUIIN) COAUP OYnaau.

Opran 6ocku4H (1apazkacu) — Mypakka0, KT TYKUMalld TUPUK CUCTEMa
DKAHJIUTH OWIaH XapakTepiaHagu. by OoCKWuHU CTpyKTypa — (YHKIIMOHAJ
Ooupnuru — oprad. Opran, oprauu3MHu Oup Oynaru 0ynu0, y MabiayM IIaKira
ara Ba ¥y3ura cneruuk Oynran GyHKuusHU Oaxkapaau. Opraniap OWpUHYH
HaBOaTna, yMymul (QyHKUusAra KM opraHu3MAard OHOJOTHK pojiura Kapao,
Oprasjiap CUCTEMaCHHH TalIKWJ KU uiap.

TupuknukHu crucTeMa AapakacuJaru OpPraHU3alUsSCUHUHT CTPYKTypa —
(QYHKIMOHAN OGUMpIMTH, OpraHiap CHCTEMAcH XMcoOJaHamM. Y3 HaBGaTHIa
OMOJOTUK POJU €KUM QYHKUHMACH yXiiaml OYiraH opranjapHu Oup-Oupu Ounan
OoFJIaliIn.




MuUuozuH unu

AKTUH Mnu

Muodubpunna

1.3-pacm. Xaémnu mawkun 6ynumunu myguma (Mywax moaanapu), opeau (Mywaxiap) ea
cucmemanu (Mywaxk cUucCmemacu — ckeiem MycKyiamypacu) oapajxcaoazu 6uoio2ux

cmpykmypanap.

Xynau  MaHa Iy  Tapta0ja, OpraHm3Mjia KOH  aiJaHWUIIMHU
TabMHHIaHaAu. KoH aljaHWIl cucTeMacd, Iopak, KOH — TOMHUpIap KaOu
opraHjiapiaH TaIlKWJI TOTTaH.

Opranuzm (mapaxa) OOCKHUYMHHM BAaKWJIM — THPUK OpPraHU3MIIAp
xucobnanaau. by OockuuHu cTpyKTypa (QyHKIHOHAN OUpiuru cudatuaa, THPUK
opraHu3Mmra, Xa€THu Oapua KYpHHMIIKA Ba XycycusiTiapu xoc. by Oockuuna,
OpraHU3MHM YCHUIIM Ba PUBOXIIAHMILM, TAIIKA MYXUT OMUJUIAPU TabCUPHUTa
MOCJIAIYBH, XyIJH sIrOHA Oup OyTyHAall HaMOEH OYyaau.

Honyasimmon (napaxa) 600ocku4. by OOCKUYHU IBOJIIOIMOH Kapa¢HTa
KUPUTWIITAH BakWiIM cudaTuiga MYCTaKwI Je0 KEUHpyBYM OpPTraHU3MIIapHU
MUHUMAJI TYPYXU XHU3MaT KWJIaJd Ba yJIApHU MOMyJSIusiap Ae0 IOpUTUIAIN.
By GockuuHu cTpykTypa (YHKIHOHAN OUPIUTH — TOmyJsuus Oynaubd, Oup
BaKTHUHT ¥3MJa Yy SBOJIIOLMSHUHI 3JIEMEHTap OUpJIUTrd XaMm XucoOJaHalu.
Anoxuaa OpPraHU3MIIAPHUA MOMYJISIUATa TYTUIAHWIIH, YJIAPHH MOCIAITyBUHU
a0 KONMILIAPUHY, KYNaUIIMHA, YMyMaH OJIFaHAa 3BOJIIOLMIIATA YPHUHU
TabMUHJIAH .

Typ (mapaxacu) 60CKMYM — MYCTaKWUJI SIIOBYM OpraHu3M (0co0) JIapHU
TOMYJISAIMSIaH KeHUHTH, yiIapJaH OajlaHi TypaauraH Oupliammacu — OMOJIOTHK
Typnap Ownan Bakwuianrad. [lomynsmusiiap kKaropu, Typ — TaOuatnaa
MUKPOAIBOJTIOIHS KapaCHUHA HUXOSICUTA €TKA3a/IN.

Buouenoruk pgapaxaHu (00CKHYHH) CTPYKTYypa — QYHKIIMOHAT
OupaurH, Xap XWi TypJaapHU y3apo Oup-Oupura OOFIMK OYITaH XaMKaMUSATH —
OuoreorieHo3map (PKocHCTEMalap) IMakiulaHTaH. buoreorieHos —Oup-Ouprapu




Owrtad y3apo O0rnuK OyaraH opraHu3MiapiaH (OuoreoleHo3IapaaH) Tallkapu,
aTpo¢ MyXUTHH aOMOTUK OMWJIJIAPUHU XaM y3ura KyIuo oau.

Buocdepa (napaxkacu) 6ockuum (CTpykTypa — (DYHKIIHOHAT OWUPIHTH
onocepa), THPUK MaTEpHUSIHM OSHI IOKOPW Japakajd OpraHU3alUsICH
xucobmnanaau. by 0ockuyna, MojaanapHyu Ba SHEPTUSAHUA Oapya OMOTeOLEHOTUK
aJIMalIMHYBH, siroHa 6nocgepa (rmodan) aaMaluHyBra Oupiaau.

“Hanoctpykrypanap”, “Hanoxoaucanap”, “Haunoxkapénnap”, Ba
“HanorexHoJsiorusijiap” TymyHdacu. HaHocTpykTypanap — KaTrTajauru
(Ymuamu) 1 gan 100 HanoMmeTpraya O6ynran oobexTiap (Mmanboanap). (Hanomerp
— MeTpHM MumuMapijgan oup 6ymaru, 10°m). HanocTpykTypanap, Ha ¢axart
WHCOHJIAp spaTraH HSHI KUYUMK MaHOanap, OaJKku ylap SHI Maila KaTTUK
Matepuaymiap OynuO,  yIapHH alloXWaa aXpaTud ONWI, XaTTo yJapaaH
Oab3UIapUHA MAHUITYJISIITUS KAJIUI XaM MyMKHH.

1.5-pacm. Oxcun monexynacu - mupux cucmemaoda sxe Kyn mapKaiean HaHOCMpyKmypaiap
(kammanueu 4-50 Hm).

Hanomacmta® xyna HOEO, YYHKHM HAHOAYHEHM  DJIEMEHTIApHU
byHIaMeHTaJl XyCYCUSTIApH, YJIapHU pa3Mepu OWJIaH LIYHYATUK OOFJIMKKH,
OyHmaii OOFMUKIMK Oomika Oupop Macmrabaa ce3wiMaau. Monekysip
Japaxkajaa, aTOMJIAPHHU, MOJEKYJIAJIApHU Ba HAHOKOMIUIEKCIAPHU Y3JIApUHU




TyTUIIUTApU OujiaH OOFIMK OYJraH, SHTU (U3UK-KUMEBUN XYCYCHSTIIAp TalI0
Oynagu. buonornk HaHOCTpyKTypamapra MacanaH, kattamura 4-50 HM
opanuruaa OYATaH OKCHUJ MOJIEKyIaJIapuHu KUpUTUII MyMKkuH. Kammamury 1-2
HM ra TeHr Oynran [IHK moinekynanapuHu xam, yJapHU Y3yHJIMTH OupHEYa
MUWJUTUMETpPra TEHr Oynuiura KapamacjaaH, HaHOCTPYKTypara KUPHUTHII
MyMKuH. Tupuk opranm3miuapiaaH, Xa€THH XyKalpacu3 ImIakiau Oyirad
BHUPYCJIAPHU HAHOAYHEra KUPUTHUIL MyMKUH. Bupycnapau karranuru 10-200 am
opanufrua €Taau.

Hanob6ynakuanap sipaTUIl TEXHOJOTHACUIA, MOJaapra UIIJIOB OepUILITHU
Ooup-Oupuaan Tabopa Gpapk KUIYBUH UKKU EHIANTYB MabIyM:

—“Tenmagan macTra”, sSbHU (UMK JKUCMIIapra MeXaHuK €Eku Oolka
XWIJArd TabCUp KypcaTuO, yJapHU KAaTTanuruHu (YI4aMUHU - pa3MEpUHH)
HAaHOMETpra TYIIHUPUILI;

—“ITacTnan Temara”, SbHM WHUPUKPOK HAHOOOBEKTIAPHH ‘‘TIACTPOK
Karopaa” TypraH »3JieMeHTIapJaH (aTtomiap, MoJeKynaiap, OHOJOTUK
Xy’KalipajdapHy CTPYKTypaiu Oyiakiapy Ba X.K) HUFUILL

Hanoctpyktypanap (HaHoOynakdajiap) HINTUPOKHIA OakapuiiaJuraH
JKapaéHiap HaHoKapaénuaap ae0 atanaau. THUpUK OpraHU3MJard SHT acoCHil
HaHOXKapa€H — OKCUJI OMOCUHTE3H.

Tupuk cucreMajJlapHu MOJIEKYJSIPp Ba CcyOXyxkaiipa Ty3W/JIMIIM—
HAaHOAYHE papaxacu cudaruga. THPUK CHCTEMAaHH  MOJIEKYJISP
Aapakajard TY3WIHIIHMHHA OeJITMJI0BYM CTPYKTYPAJAPHHU JHI aCOCHJIapH
OMOMaKpOMOJIEKYIaJIap €T OMonoJIMMepJIapHu MOJIeKYJIaJ1apHu
xuco0JaHaauIap. Ynap, HyKJI€UH KHCIOTajdapu, OKCWJ Ba MOJIMCaXapujjap
MoJIeKyJagapuian ubopar. by Moinekynamap pasmepu KaTTapok OyiraH,
HAJMOJICKYJISIp OHOJIOTHK CTPYKTypajap (HAHOKOMIUIEKCIAp) XOCHJI KUJIUII
XyCYCHSITUTA drajap.

Hanmonekynsip OMOJIOTHK CTPYKTYypajap:

—OKkcwiiap, HyKJIIEHMH KUCIOoTalap, KapOOHCYBIApHU MaKpOMOJEKyIajlapu
Ba yJapHU KOMOWHaNUsIapu (Mypakkad oKcriuiap, HyKJICOnpoTeuaiap Ba X.K);

—Perynstop Monekynanap (ropMmonnap, ¢depMeHTIap, MeauaTopJap,
XUJIMa-Xui1 Ouosoruk ¢haos Moaaanap);

—CyB, €r Ba O0ILIKA MOJAAJIapHU MOJIEKYJIalapu;

—Honnap;

—MycTtaxkaM HOHJap Ba CyB MOJEKyIaJapuiaH TaIlKWAJI TOMNTaH aToOM-
MOJIEKYJISIp KOMIUIEKCIap, Xamaa XyKalpalapHu IOKOpUIa KeITHpUO YTUIraH
OpraHuK MOJIAJIAPHUHT MOJIEKyJIajaapy EpaaMuaa Xocuia OViaau.

ATOM-MOJIEKYJISIp KOMIUIEKCJIAp TapKUOWIard MOJIeKyJaJlapHU Ba
WOHJIApHU OWpTajiuKIard xoccajapH, KyJa XaMm y3ura Xoc (crmenuduk, sbHH
Maxcyc) aMMoO, XO3Mpua SXIIM YypraHuiamarad. MaHa IIyHra yxmaras
HAJMOJIEKYJISIp HAaHOOMOKOMITJIEKCIAPHHU XOCKI OYIuIIH, (GaosMaT KypcaTUll Ba
napyajaHulIM, OalaHIIpOK — HAAMOJEKyJsap €ku cyOxyxkadpanu aapaxana
Vragu. bynpa, Ouonoruk meMmOpaHajap ajoxuja YpuH TyTaau. buonoruk
MeMOpaHanap, 6apya TUPUK OpraHu3Mjap Xyxkailpacujaa mjiazmMajieMmanap Ba
kY1120 OOIIKa opraHoM IIap MAKIIaHUIIN/IA UIITUPOK dTaauiap.




By xycycustiaapHu ypraHuiin Ba Ha30paT KWIHII, OUp AyHE QYHKIHOHAT
MOJIEKyJlaJlap KypwiMallap O4YMIIra WMKOH Oepaau. Ymap, OyTyH ayHEna
KaTaJUTMK OWjlaH pHUBOX TOMAETraH HaHOOWOTEXHOJIOTHUSHU  IPEIMETH
XucoOJaHaauIap.

1.6-pacm. Buonocuk memopanaiapuHuHe YU3MAacu.
1-mypakkab oxcunnap-enuxonpomeuniapru y2ne6o0 (KapooHcys) saudicupu,; 2-1unuoiapHu
buomonexyap Kasamu,; 3-mpancmMemMOpanaiuk oKcui, 4-1unuo MoaeKyianaputu cuopopui
KUCMU, S-ApUM UHMe2PaLianean oKcui, 6, 7-1unuo MOoaeKyiailaputu euopopod Kucmu.

HanoayHénu ypranumia MIUIaTHIAUIAH MHKPOcKomwiap. Epyriuk
Mukpockonu. Kynnad xaiiBon xyxaipanapuau yimuamu-10-20mkMm ra tenr. by
oJlaM KYpHUIllM MyMKHH OynMmaraH Xap KaHaail OynmakuagaH 5 mapTra KUYUK
(omamMHuU kY34, TYFpUAaH —TYFpH, KaTTaumura 100 Mkm ra TeHr 0ynran OyroMHU
Kypa oJajan).

XaiBOH XyKAMPACHHU OJAMH EPYFIMK MHUKPOCKONHU OPKAJIU KYPHUIL
MyMKkHHMH? Epyriuk MuKpocKkomMaa KYpHII MyMKMH OYJITaH SHT KHUYMK
CTPYKTYpa, pyXcaT STHITaH OpaJMKHH JHI Kuckau OwnaH (d,) Oenrmmanamm.
Opanuk- acocaH EpyFlIMK TYIKUHM (Y) HUHT  y3yHiaurura OofiuK. by
OOFIUKJIUK, Kyhujaru Gopmyiia OuiiaH U30XJIaHAIN:

Do :1/2 y

Dcaarma: MUKpockonHu Kypcatum umkonusatu: do= 0, 61y /n sin Q ¢popmyaacu
OPKAaJIN XHCOOJIaHAIM.

By epna y —unuatuiran épyFiauKHUA TYJIKUH Y3YHIUTH (OK paHr yuyH 0,53
MKM KaOyJl KWJIMHTaH), N — MyXWUTHU CHHMII KoddduuueHntu. by Hycxanu
00BEKTHB JIMH3ACUaH €K KOHJIEHCATOpIaH axpaTnO Typaau (oJ1ataa, XaBo €KU
¢rnan); Q -OOBEKTUBHM ONTUK VK OWJIaH OOEKTMBra TYWIAAWTaH SHT KYN HYp
opacuaaru Oypuax.

Opnatma, EpyFiaMK MUKpPOCKOIIapuiaa, E€pyriIuK MaHOamapu cudatuaa
kypumr crnektpugara (400-700 vm) €pyrnauk wmnutatunagd. LyHuHr yuyH
MUKpPOCKOITHM Makcuman kypcatkuuu 200-350 um  (0,2-0,35 ™M) gaH




ommaiau. [lemak, pasmepu OupHeua MHUKpOMETpra TEHr OyiaraH XalBOH
XyXaiipanapuHu ofataaru EpyFiIuKk MUKPOCKOIHU €pajaMua Ky3aTUIl MyMKHH.
AMMO, TUPUK OpraHU3MJIApHU XyKalpanapu, paHrcu3 Ba TUHUK Oyianumiap.
Myauar yuyyH xaM Tabumii xojlaTaa Xyxaiipamap EpyFIMK MHKPOCKOIMHUIA
kypunmariou. Ilynnait  skaH, XallBOH XyXalpacMHM KaHAald KWKo
MUKPOCKOIIJA KYPHILI MyMKHAH?
XyxXarpajapHu Ky3ra KypyuHapJId KWIMIIHA Xap XUl HYJUIapyu MabIlyM.
bupunumnaan, xap xun OYéknapaan Qoigananud Oysm (6%-pacwm).
Macanan, wumkopuid OYExkmap (FeMaTOKCHIIMH, a3yp) XyKapaHu HOPJOH
KOMITOHEHTJIAPUHU SJIPOHM (HYKJIEMH KHUCIIOTalapuHU) crenudux Oysiinunap.
Hopnon— 6YyExnap sca. (903uMH) MIIKOpUM peakiusira sra Oyiaran Xxyxanpa
CTpyKTypaniapu (UMTOIUIa3MAaHUHT OKCWUIapu) OuiaH OornaHu®  paHr

Oepaaunap.
NxxkuHunaan, EpyFIuK MUKPOCKONUSACHHUHT XHJIMa-XUJUIUTH — XaM
XykaWipanapau Ky3arumra €pmam  Oepamu. Illymapman Oupu — ¢azo —

KOHTPAacTJIA MHUKPOCKONHUS METOJY, TUPUK OyiIMaran XykKalipaHu Ky3aTHUII
UMKOHUHH Oepanu. bysammaran cTpykTypajlapHu KOHTPACTJIUTH, MUKPOCKOMNTa
yJIaHAJIUTaH KylIIuM4a ONTUK CUCTeMaap XxucoOuaan kyvyasan. Kontpactaukau
KYTApWIWIIY, EPYFIMKHU YTa€TraH XWIMa-XWil CHHAMPAJWTaH XyKaupa
CTPYKTYpaJapyUHU Ky3aTHII UMKOHUHHU Oepau.

1.7-pacm. @ubpobracmaap. a) épynux MUKpockonuscu époamuoa onuneau cypam (1-

axmuuau mukpoghunamenaap, 2-a0po) X 1000 (mune mapma kammanrawmupunean), 6) gpazo —
kowmpacmau muxpockonusi X500, 8) ummynoghyopecyenmiu MUKpOCKONUs.

(muxpompyoxranap capux pauneza oysanean) X980, 2) kongoxanen muxpockonus X1000.




Tupuk XyxalpagapHu Ky3aTUIIHH HUKKHHYM Hynu, Oy duiyopecueHT
MHUKPOCKONUA ycyJu. by ycyn, kKatop MojdalapHU KUCKa TYJIKUHIU HYpP
Tabcupuaa Epyriauk oepu ((hayopecleHausIaHNIn) XyCYCUsITUTa aCOCIaHTaH.
Kymna® murmeHTiap, BUTaMHHIAp, TOPMOHJIAp Ba KaTtop OoImKa Mopmaiap,
XyKailpara KUCKa TYJIKMHIM HYp TYWIUpWITaHaa, Yy3-Y3uaad (CIOHTaH)
GbyopecteHITUIIaHUIT XYCYCHSITHTA draiap. XyAay ITyH/Iail XyCYyCUSTra THPUK
OpraHu3MJIapHH Oapya XyxkalpaJlapy xaM 3ra, aMMmo KyI Xxojarjiapaa Oy
BOKCHJIMK JKyJa XaM Kydcu3 HaMo€H Oymanu. byHmait xonarnapga, kyruiad
XyKalpajlap HMYMIard CTPYKTypajlapHU Ky3aTUIl YYyH HWKKaJlaMud EKH
HaBeJeHHOM (uyopectueHnusnan  doigananunaau. by 9aca, Xykaiipara
OJIIMHJIaH Maxcyc dayopoxpomiap (iyopeciienH, pogaMuH Ba X.K) OuiiaH
UIIIOB OCPUIITHM Tay1ad KUIaIu.

QOnyopxpoMiiap aHTUTENATAPHU MoJIeKyJajnapu OuiiaH OofJaHUIUIAPU
MYMKHH, Oy 3ca yjapHU (akaT MabiyM MaKpOMOJICKyJiajlap OuslaH TaHiao
OOFJIaHYBYM IOKOpU crienr(uK peareHtiap cadura Kymuod Kysau.

®dnyopecueHUsIHU Oy TypyuHU MMMYHodJIyopecueHuusi 1e0 aTtaiaiu.
bynna, aBBanm okcwira (MacajiaH TyOWJIMHIa) aHTHTaHa cakjarad crnenu@uk
3apno0 onuHaau. To3ajmaHraH aHTUTAHAJIAP KUMEBUUM HYJ OMIaH (uryopecleHT
MUKpPOCKOIl €paaMuja, (TEeKIIUpUiIaauraH oOOBEKTAA) XyKailpaaa OKCHIHH
JIOKaNU3alUsACHHH (PIIyOPOXPOMHU HYp OEpHILIN OpKaJIH YpraHuiaam.

Epyrauk  mukpockonuaan ¢oiiganannd, o0beKTHH Y4y I4OBJIH
KYPUHUIIUHM AHUKJIAm MyMkuamu? Opatna, E€pyFiIuK MHUKPOCKONUSCH
YHUAJIMK KaTTa EpyriHuK Oepa onmaiau. by sca, ypranwminaguran oObeKTHU Y4
VIIYOBAM KYPUHUIIMHMA aHUKJIAIl WMKOHMHM OepMmaiimu. by Myammo,
KOH(OKAIITU CKaHUPIOBYM EPYFIUK MUKPOCKOIHU SPATUIIUIIN OWJIaH HXKOOMIA
Xan KunuHrad. bynna Hyp 6epyBuu cudartuia, iazep HypuaaH GhonganaHuira,
by wnyp, OupuH-keTUH TnpenapatHu OyTyH KAJWHIUTHUHU CKaHEp KUJIUII
UMKOHUHH Oepaau. OOBEKTHU 3UWIUTH XaKuaa HH(pOpMalnus, CKaHUpJIAIIHU
xap-Oup smHUsicu OYiyiad, KOMIbIOTEpAA y3aTwiaau, Ba Oy epaa
(komMmbprOTEpAA) Maxcyc AacTyp €paamuia, OOBEKTHH XAKMIOP YUYITUOBIIU
TaCBUpU pPEKOHCTpyKuMs Oynamu. Opataa, OyHAal Ky3aTUIUIAp YYYH,
bayopoxpomsiap Owian OVsnran oObekTinap unuatuiaagu. Koudokamim
MUKpPOCKOIl ~XYy)KalipaHW [IAKJIM, LHUTOCKEJETH, SApO Ba XPOMOCOMAaHH
CTPYKTypajlapy xaMmjJla XyKailpa uWYMAard OpraHeUIAIapHA  KOWJIAHHUIII
XapaKTepH XaKuaa axoopoT TYIuia UMKOHUHY Oepai.

buonorusana unutatunagurad QIyopoxpoMiIapHU KYMUWIWTH, KydHuaarua
Oupukmanapra Kupaawiap. YJIapHu KaMuUWINKIapy Kyluaaruiapaan noopar: 1-
nact gapaxazna Goroctabmiuk; 2- Oup Heda 0OBEKTIIApHU OMP BAaKTAA KYpHII
yayH Xap Xwi OyéxmapnaH doimananum 3apypusita; 3- Oy OVEkmapHU
GIyopecleHIMSICHHN ~ KYYauTUPHII ~ y9yH TETWILDIM  OYiaran  €pyFiuK
MaHOaJlapyuHU TaHJIAII 3apyPHUSITH.

Opranuk ¢QayopoxpovyiapHu 0y KaAMUWJIMKJIAPUMHU KAaHAAH KWJIHO
HYKOTMII MYMKHH? by MyaMMOHHM, KBAaHT HYyKTaJlapu €EKU HOOPraHUK
bayopoxpomiiap UILIATHII OPKAIH CUUIIIH.




1.8-pacm. Konghoxannu muxkpockonus: a-6yupaxuu snumenuan xyxcaupanapu, X 1000
(Mumoxonopust myx capux, paneoa), 6- ooamuu wiuw xyxcauparapu Hela X
1000 (Mmumoxonopusnap awun paneea Oysniean,).

KBaHT HyKTamap — ApUMYTKa3rMd HAHOKpPHUCTAIap XucoOJjaHaauiap.
buonoruk Ttamkukoriaapga CdSe wu ZnS Ownad Komiadnran. ZNS KBaHT
HYKTQJIMHU OKCHJJIAHUIIUTA YHJIAMJIMUIMTUHA OIIUPaad Ba (IyOpeCUCHIUSHU
WHTCHCHUBJIUTMHU OMpHEYa MapTara ouapaim.

HaHokpucrammapau pasMepuHH Y3rapTHpUO, ONTHUK CIEKTPHU XOXJIaraH
KoMuTa YpHAITUPUITaH, (BIyopecieHIusara 3ra 6yiaran GIryopoXpoOMHHU OJIUII
myMkuH. AmMmo, Cd Se/ZNnS Hu HaHOKpUCTAJUTApHHU OWOJIOTHK CUCTEMasa
WIUTATHI, YyJIapHU JKyJa macT OynraH TUAPOGUUIMTHA YIyH, HWIUIATAIUIIHN
yerapajanrad. KBaHT HyKTaJapuHU COFOOMIM3ANMS KWIHII (CYBIIU MYXHUTIa
YTKa3MIII) METOIApHUIaH OMpH, YIapHU CHPTHIA IMOJTUMEP KaBaT XOCHIT KHJIHIIT
xucobnanaau. Keiun OyHpmali monuMmepra aHTUTENanap OOFIam MyMKHH
oynamu. by aca, ¥3 HaBOaTH/1a HAHOKPUCTAIIHA OMOJIOTMK MUILICHTa Creln(uK
Ba FOKOPH Japakajaa TaHiad OoFam MIMKOHUHU Oepaju.

1.9-pacm. Keanm nyxkmanu my3unuws yuzmacu. a) noaumep OuiaH Koniaueat, 6)
anmumenonap ounan Konnanean. 1- sopo (Cd Se), 2-ZnS kasam (obonouka), 3 — nonumep, 4 —
anmumena (AHMUMana).

-—




Xap X1 pa3Mmepra sra OynaraH KBaHT HyKTajap, KeHT JUAO30HIH ONTHK
cnexktpiu (yapTpabuHaduianan — sSKUH HHPPAKU3WI o0nacTrada) HypJIapHH
fota omamunap. by osca, O6up manba €épmammuma, HaHOKPUCTAJUTAPHU Xap XU
paHTTa KUpUO TOBJIAHUIITMHU TAHMUHIIANIH.

Hanoxpucramiap opranuk ¢iayopoxpomiapra Kaparania, FOKOPHUPOK
dorocTabuiiukka Ba  KHCKa  CHEKTpaM  (UIyopecUeHIMsra  sranap.
Hanokpucramiapau 1okopu gapaxana Goroctadbmmmuru (0y XyCyCcHsIT, OpTaHUK
bayopoxpomiiapra HucOaTaH OMpHeda Aapaka OamaHa), yJapHH KOHGOKaILIH
MUKPOCKOIUSAA HWILIATHII WMKOHWHU Oepanu. ByHma, y30K BakT aaBoOMHIA
(coatnab, xarTo OupHeua KyHJal), peall BaKT peXKUMHUJIA, XYyKapa HuYHa
yTanuras kapa¢HIapHU Ky3aTUII IMKOHUHU Oepai.

1.1.-pacm. Qubpobracmnapoa, Keawm HyKmaiap époamuod o. - myoyiuH OKCUIUHU
monunuwiu. Kongoxan muxpockonus.

DJIEKTPOH MHUKPOCKONMS. OJEKTPOH MHUKDPOCKONUANA, XKyJda TYJIKUH
y3YHJIUTUTA 3ra OYJraH aJeKTpoHjap okuMmunaH (ovmananwianu. 50 xkBiwu
KYWIaHMIIIIA, JIEKTPOMArHuT TeOpanunuiapuu TYakuH y3yHaurua 0, 0056 um i
TalIKWJ Kuiaau. by mapoutnapnaa, Hazapuil xuco0igad YMKHITAH, MaKCHMall
opamuk — 0,002 HM ra TeHr OYynuUIIM MYMKHUH. By, €pyFIMK MHKPOCKOMNHIa
HucOatan 100000 maporaba kuuuk. /[emMak, 37I€KTPOH MHUKPOCKOIHH KYpHII
MMKOHUSATH, EpPyFIIMK MHKpockonura kaparanna, 100000 mapra kaTTapok.
3aMoHaBUM 2JIEKTpOH  MuUKpockon karramuru 0,1-0,7 HM ra TeHr OVyiran
KUCMHU Kypa oJiaid, arap OMOJIOTUK OOBEKT OyJiica, Oy pakam 2 HM aTpoduaa
oynmanm.

Xo03Upru BakTAa, OHWOJOTHANA TPAHCMUCCUOH (EpUTHO KypuII) Ba
CKQaHUPJIOBUM  AJIGKTPOH  MHKPOCKOIUIapAaH  KYyOpokK  (oiimamaHuiagm.
TpaHMUCCHOH SJEKTPOH MHKpPOCKON EpaamMuja, YpraHujaaaurad OOBEKTHHU
MKKaJlaM4d TACBUPH OJIMHAJIN.




1.11-pacm. Buonoeux maokukomaapoa uwiiamuiaouear mpancMucCUor (Epumub Kypysuu)
INEKMPOH MUKPOCKONLAPHU KYPUHULUL.

TpaHCMHUCCHOH JJIGKTPOH MHKPOCKOMHsI A, OWOJOTHK OOBEKTIapHU
yinbTpaHaduc (ronka) kecMmanapugad (kKamuaiaurd, 0.1 MKM ra TeHr OYiran)
doitnananunaan Ba ylapHU KOHTPACTIUTU OFUP MeTauiap €KU yJIapHH Ty3Japu
épaaMuia Ky4YauTUpWIaau .

1.12-pacm. Qubpobracmuu épumysuu (a) a ckanupiraneaw (06) s1eKmpoH
mukpogomoepagusnap: 1 — sa0po, 2 — snooniasmamux mypHuHe 0OHAO0p (epanyia)
kanannapu, 3 — auzocoma *10000.

JJIEKTPOH MUKPOCKONHA €épaamMuaa 00beKTHH (a30BHH TACBUPHHU
ol MymMmkuHMu? ByHnai Ky3aTuuumiapHu oin0 OOpUII YYYH CKaHHUPJIOBYH
3NIEKTPOH MHKpOCKon sipaTwirad. OOBEKTH TAaCBUPH IIAKUIAHUIINIA, OOBEKT
KalTapral 3JIEKTpOHJAp KaTHamaawiaap. ByHUHT ydyH, OOBEKTHH CHUPTHHH
ANIEKTPOH YTKazaauraH Kuiaum kepak. Kynm xomatnapna Oy, Hycxa cuprtura
HapuC MeTaul MOPOLIOKIAPUHU IypKalll OPKAJIM DHI KarTa YCTYBOPJIMK
TOMOHM — KaTTa AaHMKJIMKKA OSrajurd XxucoOjaHaau. AMMO YHHM KYpHII
UMKOHUSTH (OMOJOTUK OOBEKTNIIap y4yH 3-5 HM ra TEHr), TPaHCMHCCHOH
AJIEKTPOH MUKPOCKOTTa HUCOATaH aH4a MacT.




1.13-pacm. Xyorcatipa opearoudnapunu mpancmuccuon (a) 86a CKAHupianeam
Muxkpogomoepaghusinapu: 1 — MumoxoHopust Kpucmauiiapu. 2- MUmMoxoHOpust Mampuxkcuodazu
epanynanap; 3- I'onvooicu annapamu, 4- sndonnazmamux myprune kanamnapu X 20000.

CKaHUPIIOBYUM DJEKTPOH MHUKPOCKOIHWSHHM KAMYMIIUIH, oOBeKTra
MeTaJlIap KyKyHHU OnjiaH MIIUIOB Oepull 3aypiiury, Oy 3ca, Xyskaiipa KoOuruaaru
0ab3u CTPYKTypaJlapHU TaCBUPHUHU aHUK YMKMaciaurura oiubd kenaau. bynaan
TallKapu, TaJKUKOT Y4YyH TaWl€piaHraH HycXallapHU Xyxkaiipamapu Yinuo
KoJlajumiap.

Bbuosioruk cTpykrypajapHu, TaOMuil Xo0J1aTra SIKHHPOK Oyjaran
IIAPOMTAA KY3aTHMIIHM KaHAal TabMHMHJIAII MYMKMH? by Myamwmo,
CKAHMPJIOBYM 30HJJIM MHUKPOCKOMN SIPATWJIMIIM OWJIAH Y3 €YMMHUHU TOmau. by
MUKPOCKOII Y3UHU KYpUII UMKOHUATIApHU OYiinYa 3JIEKTPOH MUKPOCKOIIAaH KaM
aMac.

1.14-pacm. Ckanupnoguu —30HOIU MUKPOCKONIAP, VK)8 — UIMUL 1AO0pamopusiapod.
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21.15-pacm. Ckanupnoguu —30HOU MUKPOCKON EpOamuda onunean gpuopobracmaiaphu 6up
KUCMUHU MACBUPU.

ATOM-KYy4Y MMKPOCKONHA. 3aMOHaBH OHOJOTMK TaJAKUKOTIapa
aTOMJIM-KYY MUKpPOCKOIUAAH KeHr (Qoiigananud keauHMokaa. by
MHKPOCKOIIHH y3Mra XO0C TOMOHH HHMA? ATOM-KyWIM MHUKPOCKOITHH
WIUTAIIMHA aCOCHJIa, 30HAHM YpraHuiaguran OObEKTHU CHUPTU OWJIaH COIUp
Oynaauran y3apo TabCUPHHU Xap XWI TypiapujaH (oipananum €ranu. Yiap
opacuna, Ban-nep-Baanbc Kywiapu, 3J€KTPOCTATHUK, KallWISIPJIU, KUMEBUU
y3apo myHocabaTiap Ba Oomkanap 6op. by meTon HycxaHu mypakkal wymiap
OwiaH Tai€piamHd Tajnad KWiIMalaM, XycycaH OJJIEKTPOH MHUKPOCKOIHUSIA
UIUIATUIIAAUTaH OOBEKTHU KOHTPACTIIMTUHU MeTaul €plaMuia OUIMPHUIITHUA
Keparu Myk. by ycyn Hycxamapau HadakaT XaBoja, OaJIKM CYIOKIHKIA XaM
Vpranui MyMKUH. ATOMJIM-KYY MHUKPOCKOMUSIHU YCTYBOPJIWUTH, YHU KYPHII
MMKOHUSATIIAPU: y, aTOMJIAp Ba MOJIEKyJajap AAapa)kachJa ywiaM4u TaCBUPHHU
OJIUILI UMKOHUHU Oepajiu.

1.16-pacm. Amomnu-kyu mMuxpockon époamuda s0po OKCUNIAPHU KOMNIEKCUHU KYPUHULLU.

2 Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing
Pte. Ltd.», 2009. 56-74 p.




HaHoayHEéHH TAIIKWI KHJIYBYM OMOMAKPOMOJIEKYJIAJIAP.

Tupuk cucreManu MOJIEKYJSIp Japa)kaja TAIIKUI OYIUIINIA aCOCUU POJTHH
OoroMakpoMosiekynanap (OuomoauMepiIapHu MoJieKynaiapu) Oaxapamauiaap. by
MOJIeKyIalapHu y3u HuMa? buomakpomolnekymapHu Yy3ura xoc Oyirax
CTPYKTypaJlapy Ba XyCyCUATIAPU KaHJal?

Buomakpomosiekyia — Oy OuomonmMepiapHu Ky1iiad KaWTapuiaaJauraH
OMpIUKIApUAAH TY3UJITaH KyAa KaTTa MOJIEKYJaCUIuUD.

Hyxneun kucnortamapununr moinekynanapu ([AHK Ba PHK), renerux
uH(MOpMAIUSHU TallyBUMJIApU OYNMO, ylmapcu3 TUPUK XyKaipamapHu Xaér
KYpHILY Ba KyNaluIld MyMKUH 3Mac. OKcriuiap, XyKapaja Ke4aJurad XujiMa-
XWJI KUMEBUN peaklMsIapHU KaTalln3 KWIyBUM (DEpMEHTIApHU ACOCUHU TaIIKUI
kuinagu. JIHK, PHK Ba okcumtap, reHetuk wuHGOpManus Yy4yH KaBoO
Oepagurad Ba YyJapHM YCTHAA Xap XWJ ONepauusyiapHd  OaxapyBuu:
(HycxanaHWIll, cakjail, Yy3rapuil, caHail, Oaxkapull) OuoMakpoMoJieKyJanap
CHUCTEMAaCHHHU TAalIKWJ KUJIaauiiap.

1.17-pacm. Ilonumep 3ausircup (2emo2noOuHHU NOTURENMUO 3AHHACUPU, YHS MOMOHOA
ROAUNENMUO 3AHICUPHU OUP OYracu).

Makpomonekynanapau 3 TUIU (HaousIT KypcaTaau: OKCHJIAP, HYKJIeHH
KHCJI0TAJap Ba MoJUcaXapuajiap. Yiap ydyH MaHoMmepiap OYiaub. Terunuim
paBuIIIA aMHHOKHCIIOTanap, HYKJICOTU1ap Ba MOHOCaxapuajiap
XUCoOTaHaInIIap.

JAHK - xy:kaiipaga reHeTHK MH(OPMAIUSAHM TALIYBYHU Ba CAKJIOBYM
cuparuga. XaéTHU TYXTOBCU3 JIaBOM OTHUIIHA Ba QXJOMJAH aABJIOATA YTHIIIH,
Haciauil (reHeTHK) MHGOPMAIUSHU TallyBYMCU3 MyMKUH sMmac. dakat maHa 1ry
TallyBYd Ty(daili TUPUK OPraHU3MHU TY3WIHMIIH. PUBOAIIAHUIIM Ba Xa€T
daonusaTH axaoaiapaaH, aBiojiapra yraau. ['eHeTuk MHPOpMAIUSIHA acOCUM
tamyBuncu JIHK xucobmanaau. Bupycnapga Oy pomnu JIHK Owunan Oup
katopaa PHK xam Gaxapau.




1.18-pacm. I'emoznobun oKcunuHu MoaeKyiacutu wakiianuw bockuunapu: I — mornomep
MOIEKYIANAPUOAH AMUHOKUCIOMANAPOAH noaunenmudiap xocun oyauwu; Il — ynee xaupunean
noaunenmuou arb@a-cnupanuu xocun oyauwu, I - anva-cnupanuu enodynaza scovaanuwu; 1V —4
ma noaunenmuoau 2100y1a0an 2eMo2n00UH MOIEKYIACUHY WUAKLIAHULIUU.

JHK auma? THK (1e30kcHpHOOHYKJIEMH KHCJI0Ta) — MaAHOMepJIap —
HYKJICOTHIJIAPAAH MAK/UIAHAAUTaH mojauMep (moauHykiaeorua). JIHK
MOJIEKYJIACK — MOJIEKYJIaCM VHI TOMOHTAa Kapwiran 2 KOMIUIEMEHTap
MOJIMHYKJICOTH 3aHKUpyaiap/iaH TallKuil TONraH MaKpOMOJICKYJIaJlapup.
JIHK cnivpanuau kanuunuru 1- 2 5M, y3yHiauru — 3,4 HM Oynaau.

[TonuHYKIEOTUIN 3aHKUPIIAp, KOMIJIEMEHTAp a30TJIu acociap, aJeHUH
— THUMUH, TyaHWH- IIUTO3WH Opacujard BOAOPOJ Oofiapu OwuiaH yiuiad
Typriaan. Tabuat KaHmaal Kuiauo, reHeTUK HHGOPMAIUSHU €311 MyaMMOCHHHU
XAl KWITaHJIWTH, KUIIUAA XashKOH yiroTaau. byTyH ayH€ kyTyOxoHaiapuaa
cakJaHaJUTraH uWHOOpMAaIUsIapaH XaXXMaH KYNpokK OynraH wuH(opMmaiusHu
tabuatr Oop-iiyru 4 Ta xapdaa TYIJaraHjaurura KOHWWJ KoJMaclaH OoIka
WJIOKU WUYK.

I'eneruk undgopmanusa AHK na anpasutnu 4 ta xappu (A,ILT,I)
Omian €3wiaran Ba 4 TUIAArM a30TJM  acocaap (aAeHHH, TyaHMH,
TUMUH,IIUTO3MH) CAKJIATaH HYKJEOTHIJIAPHU KETMA-KETJIUTH OPKAJIU aAKC
srrupuirad. bup xun okcun (PHK) monekynacunu xomnosuu, JJHK vu OGup
Oynaruau reH ne0 artanrad. ['eHetuk  uHQoOpMmanus, MOJIUNENTHA
MoOJIEKyJIalapuaardy aMUHOKHUCIIOTAlIap KETMa-KeTJIUTMHU OeNruiaiiin Ba 11y
OpKaJIU OKCWJI MOJIEKYJJACHHU OWpjamM4u CTPYKTypacuHu Oenrmiald Oepaiw.
JIHK xyxaiipanu siapocuna (sapo JHK cu ékm xpomocoma JIHK cu) Ba
nuroriazmaza (sapoaan tamkapuaara JJHK) sxoinamany.

[uromnasma opranoummapuan JIHK cum (Xxmopommactiap, MUTOXOHIpUNATIAP)
saposiaH Tamkapucuaaru ¢ku nuroriazmatuk JJHK ne6 Homnanamu. YV, kympok
AHATMTHK JIMHUSICH OPKAJIM y3aTHITYBUM UPCU MHGOPMAITMSIHI TAIIANTH.




PHK cTpykTypacMHUHI y3Mra XOCJIMIM Ba YHMHI CaiépaMHM3HM JHI
KaJMMI'M HAHOCAHOATUAATM PoJiM. TUpUK opraHu3MIIap HYKJIEHUH KUCIOTaIap
JIHK 6unan 6up xatopaa PHK (pubonykienn kucinora) XxaM cakiaaumiap.

PHK oOwaan [AHK opacugparm d¢apk Humaaa? ODHr aBBaJO, HKKH
xamkupmu JJHK man ¢apxiu ynapox, PHK Oup 3amxupnan mbopar Oynran
MaKpOMOJIEKYJia
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1.19-pacm. PHK numne kumésuti cmpykmypacu

PHK, JHK Hu monexynacuna cunte3 6ynaau Ba JIHK 3amxupnapuman
OMpUHU YYaCTKACHHM KOMILJIEMeHTap Hycxacu xucoomanaau. PHK vu kumépnii
TapkuOuHU ¥y3ura xocnuru myHgaH moopatku, PHK JIHK monexkynacuparu
TAMHUH YpHUTa ypauui 1e0 HOMJIAHTaH a30TJM acoc cakiaiinau. by umkkana
MakpoMosiekynapHu sHa Oup dapku, JAHK npa Hykneotua Tapkubuaa
nesokcupubo3a 0OVyinca, PHK na puboza xoinamamu. MonekynanapHu
KAaTTAJIUTH, XyXalpaaa >koiinaHuIIM Ba QyHKIusiapu Oyiinya (apkiaHagurad
PHK nu xap xun tumiapu mMabiayMm. [lacTMmonekyinsp ofupiukka 3ra Oyiaran —
tpancnopt PHK (TPHK), xyxaitpanarn ymymuit PHK cunu 10 % wHu Tamkumn
KWJIAIN.

['enetuk undopMmanusau peanusanusicu gaspuaa, xap oup TPHK mabiym
aMUHOKHCIIOTaHU Yy3ura Oofiab onagu Ba pubocomara SbHU OKCHIJI CHHTE3
OynmamuraH »oira Tammubd 6opaam.

Pu6ocomamm PHK (pPHK) xyxaiipa PHK napuam 85 % wHu Tamkmin
kuwiagu. pPHK, pubocomanap tapkubura kupuO, CTpyKTypainu GyHKIUSHH
Ooaxxapamu. byngan Ttamkapu, pPHK pubGocomanu ¢aon wmapkasuHu
HIaKJIJIAaHUIIK/Ia KaTHammaau. Pudocomanu ¢aon Mapkasuaa, OKCUII OMOCHHTE3H
*apa€HUIa aMUHOKHUCIIOTajJap MOJIEKyJlalapyu Opacujia MenTuji OoFaapu XOCUII
oynagu. Mudopmanmon €xm marpunamu PHK (MPHK, mMPHK), xyxaiipana
cUHTE3 Oynaguran 0apya TypJaru OKCUJUIApHU CUHTE3UHU JACTypiailau.




1.20-pacm. Pubocomaoa (A), nonunenmuo 6uocunmesu sxcapaénuda (/) ummupox smaoueam
mampuyanux PHK (5) ea mpancnopm PHK (I') nap

Pubocomanap ep ro3uaa, OyHaan 3 Mipa Wusuiap OJIIUH Maiao Oyiras,
AHT KaauMru HaHoodaOpuka ae0 TaH oymHrad. OjgaMm opraHu3Mu y3uja MaHa
IIyHra yxmaraH HaHo(paOpukanapHu OMpHeYa 103 TPUJUTMOHJIAPUHU CaKJIanIu.
PubGocomanapna, xyxkaiipa sapocumaru nPHK onub kenaérran mnoinxanapHu
HyCXaJlapH acOCHJIa, OPTaHU3M YUyH 3apyp OYJIraH OKCHUJUIApHU Oapyacu CUHTE3
oynasu.

Pu0oHyKJ/IeMH KHCJI0TAJIAPHU XWIMA-XHJLINTH Ba QyHKIMSJIAPH.

PuGonykiienn Xy:xanpana-
KHCJIOTAJIAP T4 MUKIOPH, OyHkuusIapu
HOMJIAPH %
Tpancnopr PHK Mabaym aMAHOKHUCIIOTaHH y3Ura
(T PHK) 10 0ornab onub, pubocomara eTkazud
oepaau.
Pubocomanu PHK
(pPHK) 85 Pubocoma tapkubura kupasau,

CTpYKTypa QYHKITUSHHU XaMa
pubocomanu (Haon MapKazuHU
MIAKJUTAHUIIINA/A WIITAPOK JTAJIH.
Nudopmanmon Exu

marpuniamm (u PHK, |5 Xyxaitpanaru 6apya KypUHHIIIATH
M PHK) OKCWJUIAPHU CUHTE3WHU JACTypPJIanu.
OKkcu1 MOIIAJIAPHU TY3WIHINM Ba (QYyHKOuUsIapu. Xaét — “OKCHII

Mojdanapau  Qaonusat kypcatumn  ycyiaun’. Huma cababdman okcusiap
Xyskaipaga Ba OyTyH OpPraHuM3M/a JHI KYyI TapKajJAraH MoOJIeKyJajJapaaH
oupu Oyaam? by caBosra xaBoOHHM, ymap Oaxapaaurad (QyHKUIMUsUIApHU
KYTIKUppaIUTUIaH axTapuil kepak. Okcwwuiap Oaxapanurad (QyHKIUSTIApHHA
acocwitiapu cudatuga KyWUJIardjapHU KEJITHPUIT MYMKHH: TUIACTHKIIUK
(KypyBUMIIHK), KaTaMTHK ((PEepMEHTATUB), TPAHCHOPTIHMK (TAITyBYHIIHK),
TOPMOHAJI, XUMOSI KWJIYBUMJIMK, Xapakarra KEeJITUPYBYHMIIUK, YCTYH Ba IIaKI




OepyBUMIIHK, SHEPTeTUK, pelenTopIuK (ce3rupiuk), 3aXHUpauK,
AHTUOMOTUKIINK, TOKCHHJIHK.

Mana mynaaii, pyHKuHUsIapHd KYKUPPAIUTH, OKCUJUTAPHU CTPYKTYpacu Ba
xycycusitnapu Ouman  Oornmuk. Ymap HuManapiaan —ubopar?  Oxcui
MOJIEKyJIalapyuHu KUMEBUM CTpyKTypaiapu KaHjaail? OKcui MoJeKyjianapu
dazona KaHman Ty3uiIran?

Okcus1  MoJiekyJapu — HOJMMepJap. YJIapHH MOHOMEpJIapu —
amuHokucnortanap. Tabuarna 100 ra skuH amuHokuciortanap 6op. llynapnan
dakar 20 Tacu TUPUK OpPraHU3MIIAPHU OKCUJUIApU TapKUOWUra KUpaaHu.
AMuHOKHCIOTanap SHr kamuga Outra amuHo (-NHy) Ba Ourra (- COOH)
rpymnmnara srajap. Oxcun MOJIEKYJIACUHU HIaKJUTaHTUPAETraH /A,
aMUHOKHCJIOTaJIap OMpUH KETHH, Oup-Oupiapu OujlaH menTuji OoFjapu OuiiaH
oornanamunap. Ilentun — (koBajeHT,  a3zoT—yriepoa) ©Oorm —  Oup
AMUHOKHUCIIOTAHU aMUHOTYPYXH OWJIaH, UKKMHYA aMUHOKHUCIOTAHU KapOOKCHII
TYpyXH OpacuIard y3apo TabCUp HaTWKAacu cudatuaa Xocws Oyiaau.
AMHHOKHCIIOTanap Oup-Oupiapu OWiIaH nenTuj OOFIapu opKaiu OOFIaHuO, Xap
XWI y3yHJMKra sra OyiaraH nentuajap (QunenTuaiiap, TeTpamnenTH Ba X.K)
xocun Kwiaawiap. Kyminabd aMuHOKUCIOTalapHM —Yy3apo  OOFJIaHMIIINJIAH
noaunenTus xocuin Oynanu. OKCWIIApHU KYMUWIWTH, FOKOPU MOJICKYJIalu
NOJIMIIENITUTIAp XUCOoOIaHaauap. YJIapHu TapkuOua 031aH Oup Heua MUHITA
SKUH aMUHOKHUCIIOTaNap OVIUIIM aHUKJIaHTaH.

IMosunenTua 3aHKUPH TAPKUOUIATU aMUHOKHUCIOTATapHU KETMa-KETIUTH,
OKCWJIHM OWpJjaM4M CTPYKTypacHUHHU TamKuid Kuiaau. OKCHUIT MOJIEKYJIACHHU
[IaKJIU, XyCYCUATIApH Ba (YHKIUSJIAPH, YJIApHU OUpIaM4M CTPYKTypajapura
OoFMMK. AMMO, OupjiamMuyud CTPyKTypa OuWJaH OKCHUJ  MOJIEKYJACHHU
MIAKJJTAHUIIA TyTaManau.

OKCHIIJIAPHU CTPYKTYPACHMHM HAKJIAHUIIM KAHAAH KUWIHO HUXO0SICHUTa
eraau?

NxkanamMum CTPyKTypa — TMOJUINENTH I 3aHXXUPUHU YHT TOMOHTa Kapad
Oypanran £- cnupajggad makwiadaad. by  cTpykTtypa Xap — Xui
amuHokuciotanapau — CO — NH — rpynmnanapu opacujia makijgaHraH BOJAOPO/
OOFJapy HATUXKACKJIA KeJIHO YNKaIH.

Kyn oxcunnapaa mnounentuj 3aHXUpIUIap KuUWImanuO, y3ura Xoc
paBUIlZIa Ypanaad Ba HOTYFPHU IyMaJOK CTPyKTypara — rioQylara ailiaHaju.
Mana myHgaii TapTuOJa OKCWIHM YWiaM4yd CTPYKTypacw IIaKJUIaHAJH.
['moOynaHun MycCTaxKaMJIuUTH aMUHOKHUCIOTAJIAPHU paJvKaliapd  opacuaa
MIaKJUTAHAIUTaH Xap Xuj Oofmap (aucynb(ua, WOH, BOJOpOA Ba TUAPOd00)
OMJIaH TabMUHIAHAIH.

Omuromep (MynapTHMEp) OKCWUIAp TYPTJaM4uM CTPyKTypara ora
oynmamumap.




1.21-pacm. I'emoenobun monexynacunu oupramyu (a), uxkkaramyuu (6), yuramuu (8) ea
MypmMaamMuu (2) CmpyKmypaiapuHy Oupun-KemuH warkiiaHuumu

bynpaii okcwuiap Oup Hewa — mosunentuy Oofnapuaadn  uOopar
oynagunap. Ilomunentumnap ¥y3apo runpodod y3apo MyHocabatTiap, xamja
BOJIOPOJ] Ba MOH OOFNIapy OpKasid OOFJIaHaAUIIap.

1.5. Tupuk xy:xkaiipajapaa oOKCHLIU “HaAaHOMOTOP.JIap”.

Xo3up smad TypraH opraHu3miapaa Ttabuar 3,5 Miapa. WA aBBajl
KOHCTPYKITUS KWJITAaH HAHOMOTOPJIAp WILIA0 TypraHWTa WIMOHUIN KHAHH.
Oxkcwuu “moTopiiap” Xyxkakpajaa conup Oyaanuran TaOMui HaHOXKapa¢HIapaa
UIITUPOK JTaguiap. MacanaH, XyKalpajard dHEprHsSHH YHUBEpcal MaHOau
oynran AT® Hu cuHTE3W OKCWUTM HaHOCTpykTypa — AT® —  cuHTaza
dbepmenTu umtupokuaa yraau. by depmeHT — Oupranvkia WIUIOBYA HUKKHTA
POTOPJIM HAHOMOTOpJApJaH TYy3WIraH MEXaHUK YyCKypMmaaup. MotoprapaaH
YUKaIUTraH MeXaHuk dHeprusi, AT® MoJeKyIacuHU CUHTE3ua UILIATUIIaIH.

PoTtopnu MoTopnapnian Tamkapu, THPUK OpraHU3MIIApHU XyKapamapuia
F03/1aH KYIIPOK HAHOMOTOpJIAp, yupauauiap. by HaHOMOTOpap TYFpU YU3UKJIN
XapakaTHU TabMHUHIA0 Typaauiap. Yiap, XyxkalpalapHu Xap XWil KHCMIIapuia
Kounamran 0ynub, Oup-OupnapuaaH QyHKuMsUiapu OuiaH Qapk Kuiaaumiap.
bab3u HaHomoTOpap OupHeda 10371a0 KagamuiapjaHn uobopart OViaran Mypakkao
TabCUPJIAPHU amalira olmupaauiap, 0ab3uinapu 3ca, pakar OMpruHa TabCUPUHU
Oaxxapumra mympkaanrad. OKCWUIM MOTopJiap Oup-Oupiapuaan Hadakat
TabCUpU OWJIaH, OAJIKK OFUPJIUTY OWjaH XaMm (apk Kuiaauiaap. X03Upru BakTaa,
OKCWJUTApDHU Y4 KaTTa CUTMCHTHIra: MUO3WH, JWHCHH, KHHE3WH Ta KUPYBUHU
TYFPU UYM3HUKJIN XapakaTiIaHyBUM MOTOpJAp >KalaJUTMK OWJiaH YPraHUIMOKIA.
Muoszun okcunu 1864 Himnna, ouwniran O0yncana, ¢pakat XX acpHUHT UKKUHYU
spMura Kenub, YHU MEXaHWK JHEPrusSHA WIUIATHINA aHUKJIaHTaH. MHO3UH
MOJIEKYJIACH, OAIMI MEXaHUK KYyJ OYViub y, OMp Xujl XxapakaTjaHHUIIHU aMalra
omupu0, KEMUH XapakaT )apa€HuaH YUKHO KeTaIu.
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1.22-pacm. Mywaxnapuu xuckapmupuus cxemacu, yHOa MUO3UH OKCUIU ACOCUOA2U, MYPU
YUBUKIU XAPAKAMAAHY 84U OKCUTLIU MAMOP UMUpPOK smaou. 1 — mywax moaanrapu, 2 —
MYWAK MOIACUHUHE MAXCYC OPeAHOUOUHU ppasmenmu — Muoguopuiiap, 3 — MUo3uH
Monexyaacu

PacMHM mactku (OK - KOpa) KMUCMHUJA MUO3WHHU MOJIEKYJIACHHM aKTUH
MOJIeKyJIalapura HucOaTaH /, noupa TYFpU YM3MKIM XapakaTH HIyHAAl akc
STTUPWIITAHKH, MOJIEKYJalapHu OUp-OMpIapuHu BaKTHHYAJIUK Oofmap
KYIIpUKYaIap XOCHJI KIIHO “KOTUIAIIN KyTasan’ .

KyvHe3uH OKCWIMHH HWKKH KYyJJIH HAaHOPoOOT cudarnaa Kapau
MymMkuH. By Kyaaap éppammaa, y iyja0omm Oyiuya XapakaTJaHaIM.
Myn6omm — OKCHMI KeTMa-KeTIIMIH XHcoOnaHamu. By KeTMa-KeTiHK, OXHpHUa
nosisipianrad. Kunesun O¥itnad mandwuii momrocaaH mycOar mosrocra kKapad
xapakarnaHaau. KuHe3unnan HaHOpoOOTIap Xap XWi THIJAArd Xyskadpaiapiaa
KaTTa MUKJIOpAa yupanguiap.

bakrepusutapna, MacanmaH MYak ~ TaéKdyacuaa  MEXaHHK  OKCHIUIH
HAaHOKYpHUJIMAJIapHU siHA OUp KU3UK MUCOJIH YUpPan]Iu.




1.23-pacm. Huak maékuacu. E. Coli xapakamea kenmupysuu ycKypma — XUg4uHiap —
POMOPU HAHOMOMOPAAP XUCOONAHAOUNAD

by wmexanuk poGotmap rypyxu OYmmO, ymap y3mapuHu, “KymT —
o€KIapuHKM~® ~ XapakaTiIaHWuIK EpAamMuaa XyKapaHu Cy3u0 IOPHUIIHHH
TabMUHJARAU. byHgall poOOoTIapHu pa3MepiIapUHUHI AHMAMETPU TaxMHUHaH 45
HM. Ynapau QaonusaTa XaéTuil MyxuM QYHIUSHH TabMUHIAWIN, YyHKH,
YHUAIMK KyJlaid OynMaraH MyXHTIaH SIXITUPOK MYXHTTa XapaKaTIaHWII UYaK
Ta€K4yacura yxumiaraH OpraHu3MJIApHUA TUPHUK KOJHUIIMHU TabMHUHIA0 Oepaiu.
OnumiapHM  aHWKJIANIIApWra Kypa, MeEXaHWK poOoTiapjaa  xapakarra
KEATUPYBYM aCOCUH YCKypMa pOTOpPJIM HAHOMOTOpJIAp XHCOOJIaHap »HKaH.
bynna, pobGormapuu TapkuOura OollKa KH3UK MEXaHHU3MJap, Macalla,
Oynak4anapHu XucoOra oyBYMIap, YIUOBIM YCKyHaIap Ba X.K. by poOoTiapau
CTPYKTYpacUHHU YpraHull yuyH KYN WIUIAp KWIMII Kepak, 3HI aBBajo OyHAail
HAaHOpPOOOTNapHM MIaKiIaHTHUpaguran 20 Xuin OKcwulap KaHaall —y3apo
MyHOCOATIapra KUPUIIMHN aHUKJIALI 3apyp.>

Ha3zopar caBoJiap:

1. Hano6uotexHosorust Huma?

2. HaHOOMOTEXHONOTUSTHUHT HAHOTEXHOJIOTHUSTa HUCOATaH Y3Ura XOCIUTU
HUMazaa?

3. Hanoctpykrypanap HuMa Ouiad xapakrepiaHaan?

4. HanomacmitaOuu (HaHOYHE dJIEMEHTIApUHN ) HOEOIUTH HUMasa?

5. Hanoxxapa€nnap Ba HaHOXOMcajlap HUMa?

6. buomakpomonekymnanap HuMa?

7. Cusra ta"u 6yaraH OMOMakKpoOMOJIEKYJIaIapHU MOHOMEPJIApUHU
xapaktepiiad OepuHT.

8. Xyxkalipama reHeTHK axOOpOTIapHU Cakjall Ba yHAaH (oiTaTaHuIII
YUyH kaBoOrap MakpomoJieKyjajiap Humasuap?

3 Ehud Gazit. Plenty of room for biology at the bottom: an introduction to Bionanotechnology. London.:
«Imperial College Press», 2007. 51 p].




9. IHK MonekyJacHHUHT TY3WIMIIWHYU TYITYHTAPUO OCpUHT.

10. 'enom HUMA?

11. “Kuunknan kaTrara” Ba “kaTTajaH KUYUKKA TPUHIUILIAPUHU
MUcoJUIap OuiiaH TYITyHTHHPUO OCpUHT.

12. Monekynsip “TaHumr’ Ba “y3-y3unaH HUFUIuI’ HUMa?

doiigananniarad agaduéraap:
1. Ehud Gazit. Plenty of room for biology at the bottom: an introduction to
Bionanotechnology. London.: «Imperial College Press», 2007. 181 p.
2. Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.:
«Pan Standford Publishing Pte. Ltd.», 2009. 363 p.
3. K.[laBpanoB., b.AnmukynoB. Hano6unorexnonorusi. Tomkent, 2015. 312
0.




2-map3y: /IHK MOJIEKYJIACUHHMHI" CTPYKTYPACH BA
XOCCAJIAPU ACOCUJA HAHOBUOTEXHOJIOT'UAJIAP.

4 PEJKA:

2.1.  Hanobuomexnonocusnoa uwinamunaouearn JHK nume xoccanapu.
JIHK nune y3-y3u0an uKKUIaHuwu (aymopeniukayus).

2.2. Hykneun KUCTOMANApUHU eubpuouzayuscu 6a
AMAAUDUKAYUACUHUHS AMATUU AXAMUSMU.

2.3. JIHK 6a oxcunnap acocuoa spamuiear KOHCMpPKYYUsIap.

2.4. bBuouunnap e6a ynapnu JIHK cmpykmypacunu ypeanuwioa

\ ULUTAMUTUULU.

~

Tasnu wubopanap: amniukon, amniugukayus,  aymopenIuKayusl
(penauxayus) OHK, Ououun, eubpuousayus, OJenamypayus JIHK (Onx
OeHamypayuacu), UMNIAHMAHM, NOIUMEPA3HASL YEeNHAS Peakyus (3aHicupiu
NOAUMEPA3A PEAKYUACU)

2.1. Hanoouorexnosorusaa nuiatuiaaauran JIHK Hu xoccanapm.
JAHK Hu y3-Y3ua1aH MKKHUJIAHUIIU (AYTOPEIINKALMSA).

Tupuk OpraHu3MJIApHM HWKKM AaCOCHUM XYCYCHUSITU: — HPCHUSAT Ba

y3rapyBuannuk, JJHK Hu HOup xoccanmapura acocnanaau. Xyui, JJHK #Hu Oy
Xoccallapu HUMaJap?
Bupununnan, JTHK Mojekyaacy ¥3-Y3uaan THKJIAHAIN XyCyCHSITHT 3Ta. Y3-
V3ugaH UKKaJTaHUII WYau OuilaH Y3WHU-Y3U TUKIIAW OJIaiuraH siroHa OMOJIOTHUK
makpomosiekyna — 0y JIHK monekynacumup. Mana mry xycycusatu TyQaniu
JJHK — xaérum Oapua XyxXailpanu Iakuiapuja HUpCcuil  axOopoTiapHH
TATUIIIEK YTa MachynusaTiu Basudanu Oaxkapaau. VkkuHuupaH, Xxap XM
typaapau AHK moaexynanapu, rud0puaanus y4pam MMKOHUSITHIrA 3ra —
xap xun typiaapuHudr JIHK 3amkupunu Oynakdanapu sroHa WKKU3AHKUPIH
JAHK monexynacura MuFuInIIA MyMKHH.

JHK Hu Oy Xycycustiapu, HAHOTEXHOJIOTHS MyamMoyapu OwuiiaH
HIyFyJUTaHAAUTaH TaJAKUKOTYM Ba MYyXaHAUCIApHU JIBTUOOPUHMU  Yy3uTa
TopTMacaaH koaMaau. Andarra, JIHK Hu HadakaT Tupuk Xyxaipanapaa, 0amku
VHAAH Talllkapujaa, sSbHUA JabopaTopus mapoutuaa (in vitro) xam HaMOEH
Oynaérran OyHAall Xycycusariapu OuigaH OapuaHu Xaiiparra cojamaciaH
KynManad. byHal XyCyCUSITHU acOCHJA, *KyJla KATTUK KETMAa-KETJIMKAA COIUP
Oynaauran >xapa€umap Ba Xoaucanap €ramu. by >xkapaéH Ba XomucamapHu
MOXMSITHHH TYIIYHMAacJaH TypuO, ylIapHH MOJAEIIaNl XaMm/aa in vitro Ba uimiab-
YUKApUIIl [ApOUTUAA KaUTapuIll MyMKHH 3Mac.

TupUKIMKHUHT V3-Y3u[aH KalWTa THUKJIAIl MyaMMOCWHHU TaOuar KaHjain
k6 eunu? Kanmait kum6, JIHK monexynacu, ¥3uHH-Y3U KaiiTa TUKIANIN




MyMKHWH, OoIlKauya KwiIuO alTraHga, KaHaaldl KWJIMO OHa MOJIeKyla, K3
MOJIEKYJIAaHU MMai10 KWIAIIM MyMKHH? MaHa my y3-y3ujaH KaiTa TUKJIaHUIIHHA
acocuna, JJHK Hu y3-y3uaaH MKKWIAHUIIM (ayTopeliMKauus) €raad. Y
KyWuJarnya amanira Oma/iy.

PHK npaimasa

[HK nurasa  PHK npaiimep

OHK nonnmepasa

S|

3|
1 OKazaku pparmeHTIapm

Acocuit 3aH}KNp

3!

5!
5|

BolwKapyBuM 3aHXMP

3 OHK nonnmepasa Tonousomepasa

Xenunkasa

SSB okcunnapu

2.1-pacm. THK nu y3-y3u0an ukKuianuwu (aymopeniuxkayus)

Maxcyc depmentiap (tomouzomepasa Ba xenukaza) JJHK nu nactnabku
(oHa) MOJEKyJIacCHMHHM TapKaTaAwiap Ba UWKKUA MOJHMIENTHA 3aHXKUpra
axparagmwiap. Ona JIHK wm xap Oup 3anmxupu, [AHK-mosumepasa
¢pepmentu éppamuaa, IHK Hu siHru KM 3aHKUPUHHU eFUII YYyH MaTpHLa
0yu0d Xxu3MaT KWIaau.

JAHK-nonumepaszanm y3ura xoc xycycusith wyku, y Ku3 JIHK Hu
CUHTE3UHM HyngaH Oommai onmaiiau. JIHK-monumepasza, moONMMHYKICOTHA
samkupurd 31-yun 6y 6yiranga, yaapra HykaeoTHauap Kyma (yiai) oiauu.
[ynunr yuyn aBBan Oomika pepment-PHK-mpaitmaza, PHK-3aTtpaBka kypamau
Ba yHHaH keunHruHa, JIHK-monumepasza Ku3 3aHKUpUHM — y3aUTHPAAU
(Yctupaau). byHnma, Outta KuM3 3aHXKUp, (€TaK4M) TYXTOCH3 CHUHTE3 OViIub
Typaau. bomika ku3 3amkup (KyJoK), Maiijna (parMeHTiapiaaH (oKazaku
dbparmentnapuaan) erwiaau. [yngan keiiun, JHK Hu OutTa Ku3 Ba OuTTa
oHa 3aH:KupH yaauud, JHK Hu K13 MosieKyJIacCMHU X0CHJI KHJIAdH.

Huxost, ty3wmmu ona JIHK gan dapk kuiamalguraH MKKM KU3 HUKKH
3aHKUPJIA MOJIEKyJajgap maijao Oymanu. YiaapHu Xap OupH, IactiiaOKu, OHa
JIHK nan MonexkynacuHu Oup 3aHXUpHJIaH Ba OWUTTA SIHTU CUHTE3 OYJraH Ku3
3aHKUPUAAH TAIIKWI TomraH Oymanu. bup aBiojngaH, KeWMHTH aBiiojra OHa
JJHK  wmonexynacupman  dakat  Oupruna 3amkup  yraawradn, JIHK
PETUTMKAIMSCUHA MEXaHU3MH, SPUM KOHCEPBATHUB MEXaHU3M Jie0 HOM OJITaH.




2.2. HykJjIeMH KHCJI0TAJTapUHA THOPUAM3AUSICH BA
AMILVTH(PUKANUSICHHUHT aMAJIMHA aXaMHUSATH.

JJHK MOJIEKYJIACUHUHT UKKUHYU YHHUKAI XyCYyCUATH —
rUOpUAM3AIMUIAHUIT KOOUIUSATH — YHUHT CTPYKTYpacHMHH ¥3Ura XOCIUTHra
acocianrad). Xap xuwia TtypJaap (opranmsmiap) JAHK wmoaekynacunu
ajloxXMaa  3aHKMpJaapM  Kymwiaud, sArona ukkudawxkupiau  JHK
MOJIEKYJIACHHH X0CHJI KMJIMIIMIa rudpuamu3anus 1ed aTaaaum.

Arap Xap MKKHU 3aHXHpJard HyKJISTHIJapHU XaMMacu Oup-Oupura TYIuK
KOMILJIEMEHTap OyJica, KYIIWIUII €HI'WJI Ba Te3 YTaau. Arap, KOMIUIEeMEHTapIuK
TYynuK OYyiMaca, 3aHXKUpJapHU OUp-OupHUra KYIIWIMIIKA Ba WKKH 3aHKHUPIIH
(myruiekc) MoJieKyJia XOCHJI KHWJIMIN CEeKMHJIAmamd. MaHa 11y KYIIWJIUIIHU
TE3JIMTUHU 0axoJjiall acocuja, MacTIadKH 3aHKHUpJIApHU KOMILJIEMEHTapIIUK
Japakacu XakuJa Xyjaoca KWIMHAJIH.

bapua Tupuk opranusmiapnaa daxkatr ukkuzamwxkupan JHK  daomust
KypcaTranauru cababnu, “kaepaa Ba Kanaad mapoutaa HK Hu Ourra
3aHKMPH XOCWJI OYJIMIIU OYJIUIIA MYMKHH?” — JleraH caBoJI maiigo Oyiamu.
in vitro (npobupkana) mapoutHaaru skcnepuMentiaapaa JJHK Hu amoxmma
samkupnapu omuaras. JJHK monexynacunu 0ydep sputmacuna sputu6 100 °C
Ja KU3AUPWITaHAa, KOMIUIEMEHTAp acociap oOpacHujiard BOAOPOI Oofjapu
ysmwnagn Ba JIHK wmonekynmacu WKKkM anoxpia IOJMHYKICOTHI 3aHKHUpra
axpanaau. by xapac¢n JJHK uu nenarypanusicu (“spumin’) 1e6 HOM OJraH.
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2.2-pacm. JTHK monexynacunu eubpuouzayuscu Oyuuya ymrasuiean maxicpuoa cxeMacu

Nkxkn xap xwunm Tunra wmancyd Oymran JIHK  3amxupnapunu
apIalITHPraHgaH KeWuH, spuTManu coytu6, 65 °C nma ymumab6 Typuica,
3aHkUpyiap OolkamgaH Oup-Oupsapu Owian KymuiauO, ukkuzawxupiun JTHK




xocul Kuaauiap. VKkuiiaMuu criupaiHi KauTapuianiny (THOpUan3ausicu, EKu
Oy >xapaéunu “orTxur’ ned artamraH) cogup Oymamm. byHma, xam rubpwun
MoJIeKyJanap (mybsekciap), Xxam xap Oup mactiabku Typra cuernuduk Oynaran
Mosekynanap xocwin Oymanunap. bup 3anmxupin JHK HM OTKMTHHHMHT
Te3JJMTHHU AaHAJIM3 KHIMII OpKaau, aactiaadku JHK moaexynanapunm
opacuaaru (papKHM Ba YXIIANIMKHA 0aX0/1a11 MyMKHH.

Mana my Mmeron acocunma “JIHK-IHK” tunmparm pymiekciapHu Ba
“INHK-JIHK” Tunuparu OupukmanapHu makmuiantupuin mymkud . JIHK/PHK
ruOpUIN3alUsICH HATWXKAJApUHU aHau3 Kuiuil, Y. ['minbepTra, TeHHH MO3auK
TY3WIHIINHY Kypuilra Epram 0epan, 0y sca, XX-acpaa MOJEKyIsp Ouonorusga
KWIMHTaH WUPUK SHTHIIMK cudaTuia TaH OJUHIH.

JHK rudopuauzanusicu
90-100 °C na nenaryparnus

by o e

I'm6punmzanus 50-70 °C na l l

LEOOOVOOGDG
ﬂHK"ﬂHK ﬂHK”PHK

2.3-pacm. JIHK eubpuouszayuscunune cxemacu

JJHK o1 0y MKKH YHHKAJ XyCYCHUATIAPH: V3-Y3UIaH UKKUJIAHUII Ba
ruOpuIn3anusaial aMaIMéTIaH Kanaai Qoigajanum MyYMKHH? XO03Upru
BakT/Aa Oy XycycusTiap Kydugaru coxajiapaa UliaTHIMOKA:

—JIHK na Mabiym HYKJIEOTH]l KETMa-KETJIMKKa 3ra OYJraH HyKJICOTUJIap
(renJiap) COHUM TOMUII YUYH;

—XyxXailpaga OUTTa reHHU (SITOHA TeHHHW) OOPJIUTMHM IOKOPH aHMKJIMKIA
KypcaTub Oepulll yuyH;

—Xyxanpana marpuna PHK cunn anoxuna typinapuau aHuKIal y4yH;

—MypTak pUBOXKIIAHUIIM J1aBOMHJIA TEHJIApPHH CaloB (haoJUTUTHHU
YPTraHuIl Y4YyH;

—JIHK na canamamurad (TpaHCKpWIIIMs OYyJIagurad) Ba cCaHaJIMailauraH
(TpanckpuOIMa OYyIMalWauTaH) HYKICOTHIJAPHU KETMA-KETIWTHHU aHUKJIAII
YIyH,

JHK Hu permukanysuianuil Ba TUOPUAU3ALMSIAHUIT HMKOHHUSATIAPU
acocuna, omumiap JIHK wu ammnuduxanus (kyn maporaba HycXajJaHUIN)




METOJAMHM HIIA0 YMKUIITa JSpUlluiap Ba Oy MeToJ aManuéraa KEHT
UTUTATHIINO KETMHMOK/IA.

JNHK Hu cCTpyKTypacMHH aHUKJIam (HYKJIEOTH[J KETMa-KETJIUTHHH),
Oouonorusi, THUOOWMET, KUIUIOK XYXKAIWUTH, apXeoJoTHs, MaJCOHTOJIOTHS,
KPUMHUHAJIMCTUKANa KyHAAH-KyHra KeHr wunmatwinbd kenuamokna. JIHK
CTPYKTYpPAaCHUHHU aHMKJIAIl Maxcyc jadopaTopus MeToMIapu €paamuia Oiaud
Ooopunagu Ba TaAKUKOT OOBEKTH cudaruga, Oup OpraHu3MIaH aXpaTuod
osimHraH karra mukaopaaru JJHK vu Ttanad kunaau.

Arap TaakKMKoOT4M HXTHépuaa aturu Omp Hedya €éxkm Omurra JJHK
MoJIeKyJacu OyJjca, HuMa Kuiaum kepak? 1983 iiunrawa JIHK Hu
CTPYKTYPaCHHH aHMKJIAII MyaMMOCH XaJ KMJIMHMAra 5uu. Yma (1983) iimm,
amepukanuk oiaum, K. Mromnuc 0y myammonu, JIHK Hu yHUKan XycycusiTiapu:
¥3-Yy3ugaH MKKWIAHUII Ba ruOpuauzanusgaH QoiinanaHud, Xan KHIdIra
spuigu. K. Mromwmc — Ilosnumepasza 3anxupau peakuusinm  (ITHP—
noJiMMepasHasi HelHasl peakuus) aMaJjra omupAu Ba 0y peakuus acocuaa
JAHK moJieky/jacHu “HycXaJJaHMII” METOAM SIpaTH/IAU. by METOIHHM MIMHUI
HOMH HYKJIEMH KHUCJIOTaJapuHUA aMIUTM(pUKanus (Hycxa COHMHU KYMaWTHUPHUIN)
Metonu ne0 artanaau. by wmeronq Owinan Oup Heda coar  JIaBOMUJA,
monekynanapau (rewnap JAHK Oynaknapu) mMuuivonnad HycXallapuHU OJIMII
MMKOHM Tyrwian. Hycxamap COHM KynaWrangaH KeWWH, YJApHH OJJIAU
nabopaTopus METOIapH EpJaMuia YpraHuill OCOHJIAIIAIH.

Amepukanuk onum siparrad [P metomnmapunu scna® yTuimira ypuHuO
kypamu3. bupunun Mmacama, Oy METOJHM amajira OUIMPHII YYyH KaHjaai
Oupnamun (gacTiiabKkv) KOMIIOHEHTJIAp TaW€piail KepakJIUTUHU aHUKJIAII.
byHnnaii KOMIIOHEHT/Iapra KyHuIaruiap Kupaau:

1) JHK — matpuna — JIHK monekynacu éku yHHHT KucMmH (0y, BUpYC EKn
Oakrepusinu aturu 6upruna JJHK monexymnacu Oynuin MyMKuH);

2) Ilpaiimepnap (20-30 >xypT HYKICOTHINAH TANIKWJI TONTaH, YHYAIIUK
KaTTanuk OynMaraH (parmentiap). by mnpaiimepnap, ypraHunaguraH T€HHH
OXUpHUAArd HYKIECOTHJIAP KETMa —KETJIMTUIa KOMILIEMEHTap OYIuIl Kepak.
[IpaiiMepiap MKKM MaKcajra XM3MaT KUJIaauaap: OMpMHUMaH, S5pkuH 3l-yumn
KeTMa-keTuK Taraum Km0, JTHK — nonumepaszanu uira tymmpud odopaau;
ukkuHunaad, ¢epmentHn JIHK Hu HycxanaHuWIIra TaHJIAHTaH Y4yacTKacH
JoWpacuJiariHa MIuUiamra Maxoyp Kuiaau, (pepMeHTHH (HAOTUATUHU HKKH
TOMOHJIaH 4erapa MaxOyp Kuiaau, depMeHTHU (aoNUSITHUHU UKKH TOMOHIAH
yerapanad Kysiu;

3) AHK HH sHIM KOMIUIEMEHTAp 3aHXKMPUHH CHHTE3 KHWJIHUII YIyH
MaTepHuas XucoOJaHTaH HYKJICOTHIJIap apajialiMacu;

4) JTHK — monmmepasa hepMeHTH;

5) Bydep spurmamap (Mg?*, cakiaran peakuMOH MYXUT, Oy MYXUT
dbepMeHTHH (HaOUTUTUHU YIITad TYpUII YIyH Kepak).

SlHa caBon Tyrunagu: KaHaal KWJINO, HOKOPHAA KeJTUPUO YTWIraH
KOMIIOHEHTJIap apasammMacuaan 4-5 coar opacugan Oupruna [IHK
MOJIEKYJACHAAH TPU/UIMOHJIA0 Hycxa oJuuml MyMKuH? [lonumepasza —




3aHKUPJIM  peakius, Oup-Oupura yxmarad Kymiad nuxiuiap (KaTapuiwiap)
KYpUHHIINIA YTaau. Xap Oup nuka 3 00cKu4/1a yTaam.
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2.4-pacm. T1I]P Hune bupunyu YyukiuHuHe cxemacu

1-6ockuu. JJHK Hu nenarypamusicu (Kymr OOFIM CHUpATHH, alOXUaa
MOJIMHYKJICOTHTIAp 3amkupura axpamuiun). by skapaéu 93-95 °C ma 30-40
CeKyHIl AaBoM 3Taau. KOKopu XapopaT TabCcHpuia a30TIU acociiap OpacHuiaru
Boziopon Oornapu y3unaau Ba JIHK 3amxupnapu axpanaiu.

2—6ockuu.  [lpaitmepmapuu  Oornmam  (rubpuausanus).  Xapopat
MacauTUpWIIaId Ba IIpalMepsap YpraHwIaJWraH TeHJap 4derapacujard y3ura
komrmuiementap Oynran JIHK yuactkacu Ouinan Oornanagunap. ['mbpunuzanus
BakTH — 20 nan 60 cekyHaraua.

3-6ocknu. JIHK 3amxupuan cunresn. JJHK — momumepasza Epmamuaa
amanra omamd. By ¢epmenr, 3arpaBka cudaTuga NpaiMepHH 3 -y4UHH
unnataau. JJHK — monaumepasa 10MMO 3aH:XKUPHU 5 1aH 3-ydra Kapa® Kypuo
oopaau. JIHK HM SHTM 3aHXUPUHU CUHTE3M y4yH Marepuan Oynul. spurmara
KYIIWJIaIural HYKJICOTUJIap Xu3Mar Kujaguiap. by skapaén 70 -72 °C na
Vyraau Ba 20-40 cexynn naBom stamu. [P au 1-umkian-oxupuaa, spurmana 2
ta ukku 3amkupaun JHK dbparmentnapu 6ynamu. Ynapnan xap oupu, 1 Ta
Aacaadku 3aH:Kup Ba 1 Ta HrM XocuJ Oyuaral, npaiimep Ounan OOFJIaHTaH
3amkup Oynmagy. WKKMHYM HUKAAA aMIVIMUKANMSHA FOKOpUZIA aKC
srTupwirad 3 OockuuHm Oapuacu Katapwiamu. JHK 3aHKUPUHU
JeHaTypanuscu amainra omanad. KelWnH TypTTa 3amKUpHU Xap OupH sHa
npaiiMepaap OwiaH y3apo MyHocabaTra KMpHUINAIA Ba HUXOSAT KUIUPHUIAJAUTaH
reHra MOC KeJlaJuraH MKKA TOMOHJaH 4yerapajaHrad gparMeHT naiao Oyiaau.




by dparmentnap — amrmuiukonnap ae6 aranrad. [P Hu 2-nuknunuHu oxupuaa
2 Ta aMIUTMKOH Tai10 OYymaau.
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2.5-pacm. I1I]P peaxyuscurune uKKUHYU YUKTUHUHS CXEMACU

[P >xapaénu 3aHKupiu XapakTepu OusnaH ¢papK KHJIaau: CUHTE3 Oyiran
aMIUTMKOHJIAp, KEWMHYAIMK Y37Iapyu MaTpula 0yauo Xu3maT Kuiaauiaap. Yiapaa
HyCXaJlaHWII )kapaéHu yTaau. MaHa IIyHUHT YYyH XaM, Xap OUp sSIHTM HUKJIIa
JIHK HycxacuHM COHM, F€OMETPHK Mporpeccus Ouian omud 6opaau.

4-umnkn
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2.6-pacm. I1L]P nune ymymuii cxemacu
[IyHuHr y4yH Xam, arapja AacTjiaOku spuTMana, oommaa ¢akart 1 Ta,

ukku 3axupian JJHK monexynacu (Macanan, xkanpaigup BupycHu [IHK cwu)
oynran 6ynca, 30-40 mukngan keiuH (Oy, 4-5 coaT BakT srajuiaiiin) spuTMaaa




KEepaKkiu Japaxajaa Ky Hycxa IIakjuiaHraH Oynamu. by aca, ynapHu oaauii
nabopaTopus MEeTOIapH EpaMuia YpraHuill UMKOHIUHHN Oepaiu.

Xosupru  maiitma, [I[[P wmaxcyc maGoparopwsuiapaa — amoxuaa
JacTypJaHTaH TepMocTaTaa (aMindukaTopaa) YTKa3uiam.

2.7-pacm. I1L]P ymxazuwea Myaxicaiianean 1a6opamopust

bepunran  pmactyp acocuuma, TepMOCTaT, aBTOMATHK  paBUUIIAA,
aMIUTMUKaIKs IUKUIAPUHU COHUTa MOC Xo0Jila XapopatHu y3raptupaau. JJHK
ammmukanusacu  EpaaMuja  OPUINWITAH  HaTwkajmap, Oy  Merojra,
dbyHIaMeHTaJl XapakTepra sra OyiraH WIMHA TaAKUKOTIAp HIUIApUAa Xam,
amanuéTna doigalaHuIga XaM KYpPUHAPIIU KOWHU drajuialll UMKOHUHU Oep/H.
Xosupru mawtga [P  kymma® Bupycnu Ba OakTepuan KacalUTMKIApHH
JTUArHOCTUKYMHJIa KeHT wunuatwind kemuamokma. [llynunrpgex, [P
KPUMUHAJIMCTUKAAAa (IIAXCHU aHMKJIAIla), BeTepuHapusaa (KacaJulMKIapHH
JMarHOCTUKacuaa), TeHeTukana (rewnapHu  Gao/UIMTUHM — aHUKJIAIJA),
MOJIEKYJIsIp Ouomnorusifa (HYyKJIEMH KHCIOTajlap HyCcXaJapuHU KymauTHpHUII
YUyH) KEHT UIUIATUINO KEITMHMOK/A.

Opomronusl  JkapaéHua OWOJIOTHMK MoOJeKynanap (Onomoliekymanap),
MIyHJIal XycycusATiapra sra Oyaawiapku, Oy XycycwsTinap Tydaiiau ymap,
HAaHOMETp pa3MepHUaaru CTpPyKTypauap sipaTull y4yH KyJail MmaTepuasuiap 0yiuo
XU3Mar Kwiaaurad oynaunap. Huma cababaan mrynmait 6ymnan?

bupunuugan, Ouomoisiekynamap  TE3KOpAMK  OWilaH  Mypakkad
HAJMOJIEKYJISIp CTpyKTypaiap xocunl Kuiumra (¥3-y3unaH WHAFWINIITA)
XYyCYCHUSTHTA 3rajap.

Nxxunnumnaan, OyHaail OMOJOTHK CTPYKTypallapHU MIAK/UTaHUIIUHA  (¥3-
y3ugan MuFManig) yta Hapuciuk OunaH Oomkapuil MyMkuH. By aca, y3u-
V3umaH HUFWIMIIHU Xap XWI Hymjnapra HWYHaATHUpUII WUMKOHMHH Oepaiu,
JEMAK. XWUJIMa-XWJ1 HAaHOKOHCTPYKLMSJIAp Ba HAaHOMAarepuajap SpaTUll Y4YyH
KEHT UMKOHUSITIIap 04ub Oepasu.




Xunma-xusl OUOJNOrMK OWpUKManap opacuaa, HYKJIEHH KHCIOoTauap
ajoxuja YpuUH TyTaawiap. YJiap HaHOKaTTaJMKKa 3ra OYyJIraH marepuasiap
ApaTUIIA KyJda KaTTa ycTyBopJiukka sranap. Kantaruna (y3ynnuru 50-100 M)
ukkn 3amxupian JJHK monexynanapu, Kanuanuru 6op-iyru 1-2 uM Oynummra
KapaMacJaH >KyJa IOKOpM KaTTHKJIWKKa sranap. LIyHUHr y4yH XaMm yHAaH
“KyTunuin Onoknapu” cudartuna Qorgananum xyna Kyiai. [lyaunr Ounan
Oupra, OMp 3aHXUpPJIM HYKJIEHH KHUCJIOTa STMIIYBUAHJIMKHHM CakjaraH XoJja,
y3ura KOMIUIEMEHTap OYyJiraH 3aH)KUPHU TaHUII MMKOHUSTHUTAa sra. Mana
IIyHJal MKKU 3aHXUP OCOHTMHA Oup-Oupura Bogopoa Ooriiapu Owtad
0ofnann0, ukkuzawxupiau crpykrypanu (JIHK Monexkynacunn) Xocuin Kuiaiau.

JIHK HU MKKU 3aHXUPIA MOJICKYJIACUHU €KUM yIapHU (parMeHTIapuHU
y3yH KaTopra Oofyam Mmyammosn 6ynu6 uukau. bamkum, 6ycu3 JIHK acocuna
HAHOKOHCTPYKIMSUIAp SpaTHIl HMMKOHHMATH KucKapap. Kanmalt kunu0, HMKKA
samkupid JJHK Hu  moxmanummHn €ku yHAaH Mabiym oup >xoruman JJHK
GparMeHTHHM YUKAPUIOHU Hynara Kyuum MyMkuH? ManHa  myHzaai
HIOXJIAHUIIICH3 HAHOCTPYKTYpAJApHU YWIaM4yd XOJATHHH XHWJIMa-XWUJUTUTHHU
TabMUHJIAII )KYy/1a KaTTa MyaMMo.

buonor-onmumnap 0y MyaMMOHM XyJa OpPUTMHAJ Xaj KWIHII WYJIUHU
taknug Kuiaranmap. Ynap (ouosornap), JIHK 3amwxupunu rokopu KypcaTuiarad
UMKOHHUSTIApUAaH (Qoiiananrad xojiga (KOMIUIEMEHTap a30Tid acociap
opacuaa BOJOpOJ Oofiapu OpKajlid OOFIAHMII XYCYCHUSITH), UKKH 3aHKHUPIH
JIHK wmonekynacuHu KuCKa Oup 3aHXuUpid “aym” OWiaH “‘TabMUHJIANT HU
takimud xumumau. Kevmnuanuk Oynmait “mymuanap”, JHK Monekymacunu
“€numkok yum” ne0 arangu. Arap, ukkuzamxkupiau JIHK wmonexkymacunu
oxXupuaa, oup3amxupiau “mymiap” Oyica, ymapra OOIIKa 3aHXKUpiap yJaml Ba
11y TapTUO/1a MIOXJIAHTaH KO IMIAKJUIAHTUPHUIIHY KypcaTtub 6epaunap. by aca,
IOTIKa TaH)Xapajap Ba Mypakkad (a3oBuil CTpyKTypayiap sipaTHIl WMKOHHHH
Oepamu. HykinenH KucnorajmapiaH Ty3WIraH HWKKWAJaM4Yd Ba Yy4WwiaM4iH
CTPYKTYpaJIapUHU.  y3-Y3WJaH MWUFWIMII  >KapaéHu coaup  Oynaguran
SPUTYBUMHU Y3rapTUPUII OPKAJIW €HI'WJT OOLIKAPUII MYMKHH.

XO03Upru BakIraya, HYKJIEHWH KHUCJIOTalap acocuja HAHOKOHCTPYKUHUSJIAP
SApaTUIIHN WMKKWA WYHaIWMIIM LIAK/UTaHTaH: “KajaM Ba Kajam®™ Ba “OupJaHura
XaMMAaCUHN KOHCTPYKIIMS KUJIMIILL.

“Kamam Ba Kamam”’ KOHCTPYKLIMS KWJIMII — J1acTJIaOKH JJHK
MOJIEKYJIACHHU €KM CUHTE3 KWJIMHTAH MOJMIENTHIHA KeTMa-KeT MOAU(PUKAIIUS
Kuinira acocinanrad. by meron 1982 iunpga amepukanuk onum H. Cuman
TOMOHHJIaH Hazapuil acocnab Oepunrad. KoOHCTpyKIusi €FUITHU OWPUHYH
Kamamu, “‘€numkok’ yura ara Oynran JIHK dparmentunun omum. WMxxux4m
kanam — JIHK #u xap xun ¢parmenTiap opacuaa maigo Oynamurad BOJOPO
Oofmapu €pnamuia Oup-Oupura ENUIITAPUO YUKHIIL.

JHK 3anxupuna HyKJICOTHUIAPHU MabiIyM KETMa-KeTJIIMTMHU TaHjall
OpKaJiv, MOJIEKYJIaHU “‘IIOXJIAHWUII HYKTaCHHM sipaTuil MyMKuH. “‘Illoxmanran
nykrta” JIHK Hu xkpectcumMoH (a30BUl CTPYKTYpacCHMHU IIAKJUIAHTUPUII
UMKOHMHM Oepagu. Mana wmy cyHbuid spartunrad  kpectcumoH JIHK
MoJeKylacura “€numkok yumap® ynamr  MyMmkuH. Kpecrcumon /[JHK
MOJIEKYJIaJapyuHU “‘€MUIIKOK~ Y4 OpKaJIu OWPUH KETUH TUKHILI HATHUXKacuia,




Tekuc HaHopemérka xocus 6ymanu. “llloxmanum nykracu” JJHK monekymnacura

siHa OMp aXKOUMO XyCYCUSIT HHBOM 3T/IU.
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2.8-pacm. Hanoxoncmpyxyusnapnu “kaoam 8a Kaoam munuoa KOHCmMpYyKyusi KUauul
cxemacu. a — JITHK monexynapu ¢ppaemenmaapunu “énumkox yunapu” opxaiu oup-
oupnapuea boznaw; 6,c,d — kpecmea yxwazan [[HK cmpykxmypacunu wakiianuwu, E —
kpecmcumon [{THK monexynacunu siccu uambapaza 602naHuuiu.
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Texuc HaHopemérka Kadipuiaaauran xojatra onau6 kenau. JHK
MOJIEKYJIACHHU XapaKaT4aHJIUTH Ty(daiiu, HAHOPEIIETKAaHU KaTTUKJIUTH, ailHaH

IOXJIAHAJIUTaH HYKTa/1a [acasiy.
Mana my xycycuar tydainu, OyHaai HAHOPCIIETKAIAPHU  CHIUII

Kaipuntupuim MyMkuH Oymaau. 1991 wunmu H. Cuman JIHK monekymnacuman
KoOupranu Ky0 Xamja OKTadJpjap MIAKIWJard HaAaHOCTPYKTypajap sipaTHIlra

SPULIAN.
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OHK HuHr gactnabku
dparmeHTn

Acocnap *Kyotamru

2.9-pacm. H. Cumannune JIHK acocuda spamean HaHOCMpyKmypaiapu.
(uanoa —Ky6 wakuoa2u cmpykmypd, yHeoa — OKmasop wakiuoas Cmpykmypa).

“EnuMmkox” yunm TemajgaH KypuHHO TypraH Tekuc yduOypuak JIHK
CTPYKTypacuHU OOFJall OpKald, y4wlaMud KpUCTaJl HAHOCTPYKTypasiap OJIMII

MYMKHH.
Kennmarm wwwiappa, JHK acocupga ywnamuum crpykrypanap OJIMII

TEeXHOJOTHSCUHM spaTuill Oyinua wunuap Qaomnammb xerrad. lynnai




unuiapgaad Oupu, skuana JAHK nan spatwiran, Kkytudya OYynuO, y Kepakiu
BaKT/Aa, 0Umin0 — Emni Xycycustura dra. Kenaxakna, OyHnai cTpyKTypaiap
HAaHOpa3MEPAAru HJIEKTPOH KypwiManap SpaTUIl Ba JOPUBOP MOIJATAPHU
OpraHM3MHHM KEpaKJId HyKTacura erkazub OepyBuUM cucCTEManap SpaTHIL
Makcaguaa unulatwiagurad Oynca axa® smac. JIHK acocuma spatunran
HAaHOKOHCTPYKUMSUIapHUJIAH amanuétna ¢oiinananum Oyitnda OakapuiraH
JacTia0Ky  ypUHHMIDIAp KyTWIMAraHja, YyHM KHCKa MMKOHHMSTIAapra asra
DKAHJIMTU OWiIaH TYKHam Kenaau. by umkoHumsiTiapau keHratupwui, JHK
3aHKUpUra €Kd HAHOCTPYKTypajapra OOIIKa MOJAJaJapHU aTroMjapu EKd
MOJIEKYJIaJapUHU KUPUTHUIIHU Tajgad KUJIJIH.

2.11-pacm. Yunamuu nanocmpyx-mypanap
mapruouoacu bowka moooanap
(MexMOHnap) Hu MOAEKYIANAPU

Mabiym MopananapHu MOJIEKYyJaJlapuHU TaHUO, yJapHH pyixarra
ojlaurad OyHIail Mypakkad HAHOKOHCTPYKUIMsUIapAaH OWOJaTYMKIAp SPaTHII
MyMKuH. 1996 #imnma gacTiiaOke HaTwKajgapra SpUIIIraH. TaakuKoTduiap,
“KypyBuM OJIOK” cudaTuga KOJUIOW XOJaTJard OJTUHHHM HaHoOVIakdagapra
Ooornmanran  cuntetuk JHK w©Hm Oup 3amwxkupnu  (parmeHTIapuHU
MyBadPakugaTIM  MIUIATAIITa  HSpuillraniap.  byHpailt  “Onokmappan’™
HAaHOKOHCTPYKLMsUIAp  OJIMHIaH. byHIall  HaHOCTpPYK-Typajlapa, OJITUH
3appavaiiapu Oup-OupiapuaaH MabyM y30KJIWKAA >Koinamrannap. MacanaH,
JIHK Hu kym cnupamim aitnanmacu (3, 4 HM) HM ra TeHr OynraH macodazia
OJITUHHM HaHoOVakuanapunu oupaanura oupHeda JJHK dbparmentnapu Ounan




KYUIWITaHJa, OJITUH aTOMU TapTHOIu HaBOATMa-HAaBOAT >KOWJAIIraH ydjJaMyu
HAaHOCTPYKTypaJlap sipaTHI MyMKHH.

JHK naH Ty3w/Iran HaHOCTPYKTYpaJIJapHM H4YUra Hadaxkar OJTHH,
0ajku OOmIKAa MeTa/LUIap, MacaJaH, KYMYyU XKOMJIAIUTHPUII MYMKHH.
Meramnapan Oynpai sxoinanumm, /JHK acocmparn HaHOKOHCTpYKUMSTIApHH
ANEKTP YTKa3yBUAHJIMIMHU TabMuHIaugu. by xycycusar sca, JTHK acocuparm
HAHOCTPYKTypajap/iaH OuojaTyukiapja Ba OOIIKAa AJIEKTPOHIM YCKyHanapia
dbolnananuin UIMKOHUHU Oepaiu.

JHK pan TpyOkara yxmaraH CTPYKTypajap — HaHOTpyOkajap
IAKJUVIAHTHPUIN MYMKHH. SIKMHraya ynap ¢akar UWIMHAP IIaKIuaa
spaTWiraH. YJapHU KOOWFU, Kepakiau Japaxkaaa KaTTuK Kyml 3amkupian JJHK
MOJIEKYJIACUIaH TAIIKWI TONTaH 31U.

YHuanuk Jgapaskaga KarTuk OyaMaran (rujyBYaH, 3JJIaCTHK)
xoJiaTaaru HaHotpyoOkajgap ouum wMymxkuamu? Ilakam Hadakart
UMJIMHAPCUMOH, Oajnku OomIKa I[IAK/UIM  HAHOTPYOKajdap  OJIMII
MYMKMHMH? — JeraH caBo/ulap OJHMJIAPHH KH3MKTHPHO KeJIraH 3/H.
Kanamanuk  (MoHpean) onumiiap, 3JacTUK  HAHOTpyOKamap  sipaTHUII
MyaMMOCHHHM WXOOMM Xall KWiaujap. ByHUHT y4dyH yiap, WUKKH 3aHXKUAPIH
kartuk JIHK smac, Oanku Oup 3aHKHUpAM, KaTTUKIWTH Kampok Oynran JJHK
Monekynacugan ¢dounananraniap. [llynunr Ounan Oup karopaa, yiap
y4Oypuakiid Ba KBaJpaT KECUMra 3ra OyJaraH HaHOTpyOKaiap XaM sipaTrasiap.

JHK acocuaarn HaHOTpyOKaJIap MOJIEKYJA 3aHKMPHHHU IHIAKJIH Ba
MHUKIOPUHH Yy3rapTHpPHUII HMKOHMATH, YJAPHM HIUIATHIN YerapacuHu
KeHranmura cab6ad Oynaam. MacanaH, HAaHONIPOBOJHM Y3aWTUpUIIAA, YHU
makivuHu ~ HazopaT kKwinim  MyMkuH.  JIHK  acocuma  taitépnanran
HaHOTpYyOKajap, TpaHCMeMOpaHalu OKCWJIJIAPHU aHaJIu3 KWIWIIIA Ba JTOPUBOP
MOJJIaJlapHU HaHOpa3Mepa TalryBYu cudaTuIa UILTATHIUIINA MyMKHH.

XapakaTiaHyBYM Ba IIAKIWUHU y3rapTupyBuu HaHOKypuiamanap JJHK nan
XapakaTcu3 (CTaTUK) HAHOCTPYKTypajap KOHCTPYKUHMS KWIMHTaHAAH KEHuH,
OJIUMJIAp, XapaKaTJIaHyBYM HAHOKypUIManap SpaTHIl ycTHaa Ooll KOTupa
Oouutarannap. byHpail  cTpykTypamapuu — OupuHuum  OynmuO, TapBapn
yauBepcuteT (AKLL) onumiiapu sipatranmnap.

Xap oup kypunma, JIHK uu y3yH, €nuk Mosekynacuaan taii€épnananu. by
mosiekyna, kuckapok JIHK monexkymacu Ounan apanamranga, yinap Owuiad
Oornanaau. bornmanuimn myHgail amanra OMIAJUKH, YHJA KUCKAa MOJIEKYyJa
pacrnopok cudarua UIIaTHIaaH.




2.12-pacm. /THK acocuoa y3-y3udan uueuiaouean HaHoKypuimaiap. Yaap y3 ypuunu
Vzeapmupuwu, Kepaxk O0yneanuoa Y3uHu WakiuHy Xam y32apmuputiu MyMKUH.

Kucka ™onekynanapuu y3ywnuruau Yy3raptupu6, JHK wu y3yn
MOJIEKYyJIaCUra JacTypllaHraH ydyjaM4u CTPYKTypa Oepuil MYMKHUH OYnaiu.
JJHK Hu K#HCKa MOJEKYJIAaCHMHHM Y3YHIWTHHU V3rapTUpUIL OpKaidu, OYyTyH
HAaHOKYPWJIMaHU y4JaM4id KOH(DUTYpalMsCUHU Y3rapTUPHUII XaM MYMKHUH (YHU
dazona xapakariaHuinura Maxoyp Kuiu0). byHaall HaHOKypHIMallapHU MaHa
IIyHJal  y3ura  XOCJIWIHM, yJlapJlaH HaHOTHOOMETHa  (oiimanaHuIIHM
tapMuHIaau. bupunumnan, JIHK, Tupuk opranusmiaap OunaH OHOJIOTHK
coBmecTMK, nkkuHunaad, JJHK Te3 mapuananun® xeTumm MyMKHUH. DHT SXIIA
TOMOHH IIyKH, napuananum Hatwxacuna JIHK Ttoxcuk €ku xaBduu Moanaizap
XOCHN  KWIMAaiaW. VY3-y3umaH HUFHIQIUraH  HAHOKYPHJIMANApHH Oy
TEXHOJIOTUACH,  BUPYCIApHM  XYCYCUSATHHHM  KaWTapaauraH  (MMHTaLUS
KWJIaUraH), JOPUBOP MOJJAJIAPHU TAIlyBYM CUCTEMAJIAPHU NAWA0 Oyaumura
om0 kemumm MyMkuH. JIHK MonekymacuHu xapakaTdaHiaurd TyQaniu,
OyHI1ail HaHOKypwIMaiap, MEXaHUK €KW KUMEBMM iyl OunaH y3aTWiiaJuraH
CUTHa/ulapra MyHocabar Owigupuin Xxycycusitura sramap. by sca, popu
npenapariapyuHu Kepakiu Xykaiipara oau0 OOpHIll Ba YHU KEpakiu BakKTnaa
“komaHza OYyitmua” Oymatum (TYKUII, 030/ KWJIUII) XYCYCHSTHra Ora.
XapakaTjaaHyBYM HAaHOKypUJIMAJIap, IIYHUHTACK, Y3aK Xy>KallpaJapHU TallUIl
Ba JlacTypJialll Makcaauia xaM uiatuwica 6yinaau. Kepakiu xoiira eTka3uiral
Vy3aK Xyxkailpanap €pAaamMuia IIMKACTJIAHTaH OpraHjiap KaihTa THUKJIaHUIUIapH
MYMKUH.

Modgekyasp “AMHAMO-MAIIMHA” (HAHOAKTYATOP). AHMMAIUK oauM K,
®epmen  (Ilopremyr  yHuBepcureru) paxOapmuruaa, JHK — acocuna
XapakaTiiaHyBUaH  HaHOKypwiIMaiap  spatuim  Oyinua  TaxpuOanap
MyBadPakugaTIM JaBOM ITTHpraH. AMMoO, yiap Macajiara OyTyHJaid Oolikada
Enpamraniap (foKopuia KeITupuirasgaan Oomkadapok). by éapammimnan y3ura
xocauru HUMaaa? Mouekynsap “nuHaMmo-mamdHanap’ €KUM HaHOAKTyaTopJiap
sapata TypuO, Tagkukotruuiap, tapanr toptwiran JIHK monexkynacunman y3ura
xoc Oynran MoHopenbcnu uyn cudaruna doinananramnap (Iloesn itynunu 1
tacu). Ynap, JIHK monekynacura, ’Kyna KAYUK MarHUT MyHYOKYaJaH MOoOpaT
OYNTaH MUHHATIOP XOJIATJAr MOTOP (JBUTATENb) KUPUTTAHIIAP.

2.13-pacm. /IHK

Moaekynacuoazu
prosT—— ‘ HAHOAKMYamopHU KOMNblomep
I‘)’ «
. : KypuHuwu
F I P

<y
A




AMMO, 0JIIMJIAP OJIIMIA SIHTH MyaMMO MaHa Iy YHYAJIHK MypPaKKa0
OyJaMarad “JuHaMO-MAIIMHAY4YyH 3HEPrus MaHOAMHHU TONMII MYaMMOCH

naigo Oyaras. by Myammonu eumimiga, OUp TOMOHJAH MaHa IIIy
HAaHOKOHCTPYKIUSIHA MUHMATIOPJIUIY, UKKMHYA TOMOHAAH 3Ca, XYKaWpPaHWHT
UCCUKINK MaHOam — AT® Hu yHUBepcaUIMTH Kyn KenraH. by uWKku

UMKOHHUSIT,0TMMJIAPHU TAHJIOBH YUYH yTa KyJiaid 0ymu0 4rKKaH.

“ImHaMo-MalIMHA” THPUK Xy:Kaiipanapuu AT® HuM 3HeprusiciHu
uniataan. AT® Hu KalTa uWOUanga, dSJAEKTp TOKH TeHeparus Oyiaau.
Munuauratenau JIHK Monekynacu Oyiinad xapakaT KWITaHHaa, JJICKTP
CUTHAJUIap Kenaubd uukaawiap. by curnamiap, KeMMH KOMIBIOTEp HIIJIOBUTa
y3aTwiaad. TagKUKOTYWIAp HAHOAKTYaTOPHU JKOJOTMK MOHHUTOPHUHIA,
XyCyCaH, XaBoJaru TOKCHUHJIApPHU Ba MaTOT€H MUKPOOPraHU3MIIAPHH pyilxarra
OJIMIIIA WIUIATUIIHM TaBCHs Kuiaawiap. by cucremaman QoiianaHUIIHUA
OOIIKa MCTUKOOJIIM COXacH — CYHBHI KOHEYHOCTSIMHU KOMIBIOTED OpKaIH
Oomkapuir. AMmo, 0y KypuiIMaHH, KypcaTHirad Makcaara mocnam yayH 20-30
HUIT BaKT Kepak Oyau.

“bapuacu OupaaHura ” THNHAA KOHCTPYKUMS Kuwiauil. Poccus
@annap AkanemMusicMHUHT B.A. DHrenasrapsy HOMUAard MOJIEKYJIAp OMOJIOTHA
MHCTUTYTUHUHT onumiapu, JIHK acocumarn HAaHOKOHCTPYKIHsUIAp KapaéHUHU
TE3NMATUIIHU MakcajJ Kuwind Kyuumrad. byHpma, myHYajauk [xapaxkana
JKaJAUIAIITHPUII KYy3/1a TYTHITAaHKHU, OUp MapoTadaga TapTHOIH YWIaM4U
CTPYKTYpPa  OJIMII  PeKAJAINTHPWIraH. HaHOKOHCTpyKIMS — KWIMII
MyaMMOCHHM JKaJaJUTAIITUPUII YYYyH, yJiap XyJa OpUTHMHAN EHIAIINUIIHHA
taknmud xkunrannap. Ynap JHK Hu amoxuma monekynanapu OwiaH uIUIaligaH
Bo3 keunmm6O, JHK HE CylOK KpUCTT JUCIEPCUSCUHU UIUIATUIITA
Kupuirannap. byHna, makutaHaadraH CyloOK KpUCTaUl “‘romuuniap” (yJaapHH
karranurd 0,5 Mkm atpoduaa) raxmunan, 10000 JJTHK monexynacunu y3 nuura
onanunap. ToMuunap Jgoupacuja, MoJiekyjanap Oup-Oupnapumad 3-5 HM
Y30KJIMKIA, Katop OVnubO >koinamaawiap. byHpmaih TapTuOIM KOWIAIIUIIM
OynakJayiapra KpucTal XyCyCUsITUHM Oepaiu. byHpaa, KYImIHM MoJeKyjaiap,
OyHIall KpucTajiapja XapakaT4aH KaBaT XOCWJ KWJIAIWiap, SbHU CYIOKJIMKHU
XyCycusiTIapuHu caknad Kojaawiaap. by 3ca, OJIuMHraH CTpPyKTypa-CyroK
KPHUCTAJUT DKAHJIMTUHU KypcaTaau.

Mana myHgai kpuctawiap OunaH wnad TypuO, TaaKUKOTUYWIIAp
MyaMMOHHM €YUMHHHM TOMHUII YYYH XKyJla MyXHM XOJIaTra Y3 IUKKATIapUHU
Kapatauiaap. Cywk kKpucramn aucnepcuss xocuia kKuiaranga JHK
MoOJIeKYJIaJIapu OomKa Mojjajap OWiaH KUMEBUIT OMpPHKMAJIApP XOCHJI
KHJIHMII  XYCYCHSITHHH HMyKoTMacaurura 3bTHO0p Oepamiaap. Cyrok
kpucrautapgaru  JJHK  Hu o0y xycycustnapuaan JHK Hu yumamun
CTpyKTypacuHu crtabwutamr  yuyH ¢oigananaunap. JHK wHu kyumu
MOJIEKYJIANapy OpaJUFUAa CHMMETPUK XOJIATHa KOMIAllaojJaguraH Xamaa
“HaHokynpukiap”’  BasudacuHu  OaxkapaonaauraH —KuUMEBMM  Mojjanap
TaHJIaH]I!.

by monekynanap OyTyH Mojekynara MycTaxKaMJIHMK (KaTTHUKJIUK) Oepud
typagwiap Ba JHK HM KyIIHH MOJIEKyJlaJapuHA  XapaKaT4aHJIUTUHU




KUCKapTupaaunap. “‘Hanokympukuamap” Mycraxkam OYynub, CyB-TY3/H
PUTMAaJa TapyalaHManIuap.
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2.14-pacm. /IHK monexynanapu opacudazu HaHOKYNpuK4aiap

IOxopuna kenTupwiraH HaHOCTPYKTypajap TE€HETUK MaTepualiapHu
TamyBuUMjapu €xku Ouosioruk ¢aon Mopaanap cudaTuia HILIATHIHIILIAPH
MyMKHH.  “HaHomochuikay — Xyxadpara KeiauO  TylmIraHuAaH  KEiuH,
KOHCTPYKUUSIHU MycTaxkamyiad TypraH HaHOKYNpuKyaiap Oy3wiaguiap Ba
KOHCTPYKIIMSIHA MUUJAry Mojianap (Macaian, aHTHOMOTHKIIAp) 03011 O0Yiuo, V3
baomusTiHN Kypcaranunap. bas3u Oup oxcusuiap (MHCYJIMH. METICUH) Ba OOIIKa
MOJJaIap TabCUPUIa HAHOKYIIPUKYAIAPHU OY3WIIMIIMHYI OOIIKAPUIIT MyMKHH.

HyxkneuH kucioTanap acocujaa spaTWiIraH Y4wIMYM HaHOCTPYKTypasap,
ONTUK  CEHCOpJIM  KypwiMajap  sSpaTuil  OwiaH  LIyFyJUJIaHaJWra
HAHOKOHCTPYKTOpJIapHU AuKKatnHu y3ura toptau. JHK acocuparm ywiamum
CTPYKTYPAJapHU  CEHCOP KYyPWIMAJAPHU  Ce3rMpP  3JIeMEHTJIAPUHU
spaTumaa umiaTum Mmymxkuamu? Te3 opaga Oy caBosira mxoOuid *aBoO
OJIMHIW. YUJaM4yd HAHOCTPYKTYPAIAPHM HAHOKYIPUKUYAJlapura y3ura Xoc
Oynran ‘“muHU — yuuiarud’ KApuTwiad. by, “MuHM — ymmaruu” — KUMEBHMA
oupukMa O0ynu0, y aHanu3 KWJIWHAIWTaH MOJJia OWIaH KOHTAKTra KUpraHia,
Te3na mnapyanaHagud. HaHokynpukda Oy3wiraHjiaH KeWWH, aHOMal OITHUK
daoMKk macasaM Ba YHU KaTTAIUTMHM YiadanaHaau. by kypcarruunu
KaTTaUry OYiinda, HAHOKYTIPUKHU Oy3yBUM KHUMEBUN (OMOJIOTHK) OMPUKMAaHU
KOHICHTPALMSACUHY aHMKJAIl MYMKHH. Xo3upru Baktga osmmiap JAHK
acocuza (PU3MK-KUMEBHUM XyCyCHSTIIapUHH OoIlKapca Oyiaaurad ydjJaMiu
HAHOCTPYKTypajiap sipaTHUIl yCTHJAa TaJKUKOTIap oiubd OopMoKaanap. YIapHH
NOJIUMEP TUICHKAJap TapKUOUTa KUPUTHIL OPKAJIH, MOJIUMEpP MaTpHUIlaap OJUII
MyMKHH. byHpgali mnomumep wmatpunanap, (QoToHUKana, mapameTpiaapu
OOLIKapMITyBUM ONTUK puiibTpiap cudaruia y3 YpHUHU TOMUIILIAPH MYMKHUH.

2.3. JIHK Ba oxcuwi1ap acocuaa HAaHOKOHCTPYKUMSLJIaP.
JHKxan aBTOHOM paBHIIIa XAapPaKAaTJIAHYBUYM Ba TYyXTaliJAMIaH
HAHOPOOOT sicamn MyMkuHMu? by caBonra Oupunum 0ynub >xaBoOHu AKII




HuHr KomymOusi yHuBepcuretu onumiapu Oeprad. Yaap, JIHK Ba oxcungan
XapakaTJIaHyBYaH, XapakaT UyHAINIIWHU Y3rapTUPAJWTaH Ba TyXTal OJIAJMIaH
aBTOHOM MOJIEKYJISIp paboT sipartumira spumigwiap. by nnutanma, “yprumuax’
(mayk) Hanopo6otu n1e6 HOM onraH. HanopoGotHu y3ynnuru 4 HM aaH ubopat
oyaran (2.15-pacwm).

2.15-pacm. /IHK sa oxcundan matiépranean “ypeamdax’ HaHopobomu.

By HaHOpOOOTHM aBTOHOM XapakaTJIAHWIII MYaMMOCH KaHAall KuinO
eumwnran? Taakukoruunap, JJHK 3anxkupugaru noJMHYKJICOTHIJIAPHUA BOJIOPOL
OOFNIapu OpKajlu y3jmapura KOMILIEMEHTap OYiraH 3aHkup OuiiaH OOFJIaHUII
xycycusituzian doinananranmnap. IyHUHT y4yH XaM HaHOPOOOTHHU IOpajuraH
oéxuanapu JIHK nan koHCTpyKkums KuiauHras (2.16-pacm).

“VpranaK” HA JKacaau ‘‘cTpenTaBuaAWH’ Je0 arairaH OKCHIIJIaH
IIAKUIaHraH.  “Ypramyak” Hu TyprTa odrumaH ydracu 6omka JIHK
MOJIEKYJJACHHUHI ~ K€TMa-KeTJIMrM  OwiaH  OOfJlaHaoJaJuraH Ba  yHHU
kecaonamurad JJHK MonekynacupaH Ty3wirad. “Ypramuak” HA TYpTTa OFH
y3ura xoc sikopb 0ynuob, y MynHu Oommaaru HykKrara 0oriaanran 0ymaau. Pooot
y3unu Oouutanruy JJHK HuM maxcyc 3amxkupu €paamuaa xapakarra TYyLIaJIu.
Acocuii 3amxupaan Tamkapuaa xoinamrad JIHK yyactkacu Ounan Oornanuo,
Ba YHJaH KEHWH yHU KecuO, poOoT (Tpek) iyn Oyiinad xapakarra TYIIaau.
bynnait HaHOpoOOTIapHU sipaTHJITaHUTa OMp Heda Wuil OYyiraHura KapamacaaH.
yaap xo3upraya OoOp-iiyFM 3 KajaM TalUIarammap xoioc. “Ypramyax”
HaHOpoOoTu TaxmuHaH 100 HM Uynm Oocub yTta omamu (YpramyakHu Y3UHU
pasmepunan 25 maprta, kynpok €ku yHu 50 kamamm). By macodanu y, 30-60
MUHYTAa Oocub YTamu. “VpranaK”HH XapakaTuHU OJauMiIap ATOM-KyWwIH
MUKpocKoll — €pmamupa  Kysatranmap. Iy  muxpockommap  €pramuna,
HAaHOPOOOTNAPHU Xap XWI TYPT WYHAIUIIra HYHANTUPUII MYMKWH 3KaHJIUTH
Ky3aTHUJITaH.

XO03Upru BaKTAAa OJMMJAp HAHOPOOOTIapHHU (HAONHUSITHHU OOLIKAPHUII
xamza Oup Heya “ypramuak” japHu Oupra unuiamra “ypraTumr’’ ycTuaa 0o
KOTUPMOKJQJIAp. Y30K HCTHKOONAa OyHIaili HaHOpOOOTIap OHr Maiiia
KalWJULIpJIapHUA TO3ajIall Ba TUPUK OpPraHU3Ma paK XyKaupaJlapHud HYKOTHIL
MaKca/n/1a UIUIATUIUIIN MYMKHUH.




2.16-pacm. /[HK monexyranapuoan mysunean “Ypeamuax” nanopobomunune oéxuanapu.

JAHK acocuaa cynbuii HaHoMatepuaJsiap. Tpancriantanus (Kyqyupuo

VYTKa3MIll) HA TE3KOPJIMK OWJIaH PUBOXKIAHUO KETHIIM, JOHOP OpraHJapHU Ba
OWONOTMK TYKUMallapHU eTuimmMaciurura onub® kenau. IllyHuHr yuyH Xam,
XYCYyCUATIApU MaKCUMall Jlapakaja TaOuuira sIKMHJIAIraH MyKaMMall CYHBUI
OMOJIOTUK TYKUMJIAp SpaTUIl XKyJaa aoia3apd Myammo Oynubd xongu. by
MyaMMOHHM  €YHIIJIa, THUPUK OpraHu3Mjapra KydupuO  YTKa3WIUIITa
MYJDKaJUIaHTaH ~ OpraHjIapHU (UMIUTaHTIIapHU)  IOKOpU  Japaxkaja
MYyCTaXKaMJIUTUHA Ba STHIYBUAHJIMTHHH TabMHUHIAII acocuii Basuda OYauo
KOJIM. DNACTUKINK (3TWIyBYAIMK), UMIUIAHTAHTTa IOKOPU JlapakaJa MEXaHUK
TabCUp VTKa3WiraHja Maigo OYyaaurad aMmoJuiam skapaCHIapUHU OJIIUHU
onmagu. TUPHUK OpraHu3M TYKUMalapura Xoc OyiraH MycTaxKaMJIMK OwuiaH
ATWIIYBYAHIMKHY, CYHBHH MaTepuauiapja TNaiao KWINII, YMyMaH MYMKHH
OynMaran MyaMMo XUCOOJIaHaIH.
1. Criunkc pax6apnuruaa Actpanusnga Ba Kopesga daonuar onub 6opaérran
onumiiap, Oy MyaMMOHU €YUMHUJAH OUp BapUAHTHUHU TOMMINTA SPHUIIIUATIAD.
VYnap, TpaHCIUTaHTalMsl KWIMII MaKCaaulla, MEXaHHK Xoccajgapu, OHOJOTUK
TYKAMaJIapHU XOccajapura yXIaraH SHCH MaTepHall sipaTUIlra 3pUIIHIap.
Aparunran matepuan JIHK cnupannmapu Ounan yriaepojyiun HaHOTpyOKalapHU
MycCTaxKaM KOMIIO3UT CUCTEMAacHUJIaH uoopar.

VYrneponmu nHanotpynkanap JAHK cnupanu Ounan Oyrynnaid “Ypab”
YUKWJIAQOM Ba yJApHU KaJdblMA HOHM CakKjJaraH Maxyc CYIOKJIMKKa
xounamrupwiaau. bynnait cyroknukaa, JHK cnupamnapu Ounan ypanran
YIAEPOJIM HAaHOTpyOKanapJaH reJCMMOH Macca IakjulaHaad. XOCuil Oynrad
TeJIHU XYAJU CUHTETHK TOJIa TYKUTaH KWIMO TYKuIl MyMkuH. HaHoTpyOkanap
Ba JIHK nan xocun Gyniran Tojla Kypuranjaad KeiuH, kanuaiauru 50 HM Oynran
HAHOTOJANApJaH TYKWJITaH TapMOK IIakiura kupub komaau. byHma, xap Oup
TOJIa, FOBAK, TYOKaCUMOH CTpyKTypara 3ra Oyiaau.




AMMO, THOOMET aMAIMETH YUYH STHAIa MYCTAXKAMPOK Ba KAJUHPOK
HAHOTOJAJAP Kepak. by TojajapHu XapaKTepUCTHKACHHM KaHAal
y3raprupumi  mymkuH? by Basuda xam wmyBaddakusTiu SUMJIIN.
TagkuKoTYMIap  HAHOTONAJIAPHM  KAIWMHJIMTMHUA  Ba  MYCTaXKaMJIUTUHU
OOITKAPHUIITHU YCYJIMHU ViIab Tomawiap.

Arap, Kypwiraln TOJIJaHW KaJdblUWi XJIOpUJ 3putmacura conu6 roswica, JJTHK
MOJIEKyJIalapyuHu sHaja “‘Tukuiuiiu’ cogup OYVnaau. Hatmkana HaHoTonanap
KaJIMHJAIIaAd Ba MycTaxkamjamaaud. Mana 1wy Wyn OujaH OJMHTaH
HaHOTOJANAp Y3MaApUHUHT XYCyCUSATIapu OVilmda, OKCUJI TaOMaTIId ToJjajapra
SKUH Ba yllap MyllaK, apTepusi, TepH, ToFal Kabu OpraHjapHH
MyCTaXKaMJIMTUHU Ba STMITYBYAHJIUTHHU TabMUHIIA0 Oepaju.

[Iynunar yayn xam JAHK Ba yrimepomnm HaHoTpyOKanapjaH TaiépiaHTaH
CYHBUI HAHOTOJAJap KEJAKAKIAA, Xap XU CYHbUU HUMIUIAHTAHTIIAP SPATHILIA
UIUIATUIMIINTA Xed ITy0xa UK.

2.4. buounnnap Ba yaapuu JJHK crpykrypacunu ypranumpga
HILIATHIM LN,

DyKapuoT OpraHu3Mjiapjia TEeHJIApPHU COHHU JKyJla XaM Kyn. AYUTKHU

3amOypyrinapuaa 6200 reH aHuKJIaHTaH OYiica, 0JlaM OpraHu3Mua yJIapHU COHU
20-25000 daon renra teHr. AmMo, opraHusMjaru 0op TeHJIapHu OapyacuHH,
Ooupnanura (Oup BakTAa) Y3uHU (HAOJUTMTMHU HAMOWHMIN KujaaBepMmainiu. bup
X1 Tennap (aonusT kypcarranma, Oomkacu OolUIaHAAM Ba TYIUK UII
daomusTuaan yukuO Typaau. MyailssH Oup BakTAa, MablyM OWp TeH EKd
OupHeua TeHJap KaHAall xosarna TypuOau, ymap daonmmwiap Eku
OJIOKJITAHTaHMH? — JIETaH CaBOJ JKyJa KYM TYFUIJIA]IH.
['ennapuu QaouIMruHU HA30paT KAJIUII MyaMMOCHUHU OMpUHYMIApAaH OYiuo,
B.A. Owurenprapn Homuaaru Poccuss ®annmap  akaJeMUSICHHH MOJIEKYJISIP
ounomnorus UHCTUTYTH OJuMJapu euuuiura myBoduk Oynranmap. Iy
uHCTUTYTHA, akaaemMuk A.J[. MupszabekoB paxOapiuruaa (aoausar KypcaTuod
KeJnaérrad OMp rypyx oJumiiap, OMOYHUIUIAp SPATUII TEXHOJOTHSCUHU HIIIA0
YUKIUIIap.

Buouyun — Oy pa3Mepu Oup Heua CaHTUMETpra TEHI OyJraH Marpuua
OynuO, yHUHr €paaMuaa, OpraHM3MAard Kymiad TeHIapHUu (QYHKIMOHAI
daoury  xakKujaa MablIyMOTIIap OJMII MYMKWH. buounn Ttaiépnaérranma,
Maxcyc (mmma) mnoaioxkkara JIHK MonekynacuHu Hycxamapu CypTHIAIU.
Vnap, €ku anoxuma reH €Ku 3amkupiau nonumepasa peakusicn (I1LIP)
HaTwkacuga onunran JIHK monexkynacu Oynuimm MyMKUH. AHaiau3 YTKa3HII
yUyH, TYKUMa HycXacu (MacajaH, KOH) OJIIMH/IaH UILIOB Oepuianu. By umios
Oepum KyhWmmarmda yrraswiamu: Hycxamarm JIHK MOJIEKYJIAJIAPHU
¢diyopecueHT Mojdanap OuWjgaH Maxcyc MHKpOKaMmepara >KOWIallTHpHIITaH
ououunra cyptud uyukwiagu (59-pacm). lllynaan kelnH, OMoYMIIaru rexiap
ownad npobOana caxkianran dayopecuennus kuiayBun JIHK éxku PHK opacuna
rudpuan3anus yTa3uiaiam.




buouun ananuzaropu

2.17-pacm. Buouun époamuda ananuz Kuiuu cxemacu.

Hycxanm  moJjexkygacm  Yunjaard  TerMuuid  TreH  OwiaH
KOMIUIMMEHTAPJIMK NPUHOMIMN ACOCHJAA y3apo MYHOcadaTra KUPHUIIAIH.
buouunra, wmabiym TYJIKUH y3yHJdrura osra Oyiaran Hyp Oepuirasja,
(uyopectenT épyFiuk maiino 6ynagu. Epyrmukan xypunnimumra kapa6, npubop
—anamu3atop JJHK (PHK) naru xapakrepin keTMa-KeTIMKHU aHUKIIANIH.

buouunnapnan QoliganaHuii, SHr aBBalo arpod MYyXUTHH HEraTHB
TabCUPHUTa CE3rvp OYJIraH IeHJIApHU aHUKJIAIl Ba OPraHUM3MHH (YHKIUSICHHU
Ha30paT KWIUII YYyH UCTUKOOJUIM XHUCOOJaHa u. buodynmmiapHu UIUIaTUITUIIH,
OakTepus Ba BUPYCIapHU TE3KOP aHUKJIAIl UMKOHUHH Oepa. buounn
épramuza, OJAMHU HWHAMBUAyal TEHETHUK y3Ura XOCJIMIWHM YpraHWI, YHU
UpPCUIl Ba OHKOJIOTMK KacaJUIMKJIapra MOWWIUIMK JapakKaCMHU aHUKJIaIl
MMKOHUHH Oepanu.*

Hazopar caBosiapu:

1. Tupuk opraHu3MiIapHU UPCUSAT, y3rapyBuaniuk xycycusariaapu [JHK Hu
KaHJall YHUKAJl XyCYCHUSITIapura acociiaHain?

2. Hanorexnonmorusuiapuu  siparyBumwiap yuyn JIHK wu  kawpgait
XYyCYCUATIApU KU3UKUII YHFOTan?

3. IHK #u ¥3-y3upan ukkwianum xapaé¢auna JJHK — momumepasa Ba
JIHK — npaiima3za pepmenTaapuan posiu HUMa?

4, V3-§I3Hz[aH ukkuianaaurad JIHK HUHr erakum Ba KOJIOK 3aHXKHpJIapu
HHUMa OuitaH (apk Kutaauiap.

5. Huma cab6abnan JIHK permukanuscu sSipUMKOHCEPBAaTUB J€raH HOM
oJyiran?

6. HykiienH KUCIOTaJIapUHUHT THOPUIU3ALMICK METOAMHUHI acoCHaa
HUMa éraqu’?

4 [Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing Pte. Ltd.»,
2009. 965-969 p.].




7. JJaboparopus mapoutuaa, JJHK Hu anoxuna anoxujga moIMHYyKICOTH[
3aHKUPUHU KaHJA1 KWIHO OJTUII MyMKHH?

8. HykienH KuCTOTaNapUHUHT TUOpUAM3AIMS METOAM  Kailcu Koija
(Kaepaa) MIUTATUIIMIIN MYMKWH?

9. [lonuMepaza  3aHXKUPAM  PEAKUUSHUHT  OUPUHYM  IUKIMHUHT
OOCKUWIAPUHU TYUIYHTUPUO OepuHT?

10. [Tonmumepasza 3aHXHUpPAM PEAKUUSHUHT OUPUHYM  Ba HMKKUHYH
IUKJUIapy opacuaaru GapkHU TYITyHTUPUO OCpHHT.

DoigaJaHWITaH a1a0uéTaap:
1. Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.:
«Pan Standford Publishing Pte. Ltd.», 2009. 363 p.
2. Ehud Gazit. Plenty of room for biology at the bottom: an introduction to
Bionanotechnology. London: «Imperial College Pressy», 2007. 181 p.




3-maB3y: 'EH UH)KEHEPUSICU YCYJIU ACOCUJATH
HAHOTEXHOJIOI' UAJIAP

/ Peorca: \

3.1. I'en umocenepusicu  HAHOOUOMEXHONOSUACUHUHE — OUpP  UYHATUWUU
cugpamuoa.

3.2. bowka opeanusmea KUpUmMuwL Y4yH 2eH OauUl Memooaapu 6d ceHIapHU
Xyolcaiipaza Kupumuus mexHo102UACU.

3.3. Xyorcatipa nnazmonremMmanapHure my3uiuiiy 8a QYHKYUsCu.

3.4. Buonocux  memOpaHanap HAHOMEXHONO2UAOA 684 Ylap  aAcocuoa

\ HAHOCMPYKMYPAAAPHU KOHCMPYKYUSL KUTULL. /

Tasanu ubopanap: eiuxoxanuc, epamnap, uHmecpal OKCULIAD, TURUOIU
oucnol (Munuoau UKKU Kasam), TUnocoma, Memopanaiu oKCuLiap, Mmemopanaiu
Op2aHoUONap, HAHOKOMNO3UM MAamepuailap, HaHocomaiap — (Muyeiianap),
HanompyoKaniap

3.1. I'eH HHKeHePUSACU HAHOOHOTEXHOJIOTUSICHHUHT OUP yHAIMIIN
cudaruaa.

3aMOHaBUI OMOTEXHOJIOTUSTHUHT — XOCCa Ba XYCYCHSTIIAPU OJaM 3XTHUEK
Ba XOXMIIJIApUTa MOC KEJNaJWraH OPTaHU3MHHU SIHTM IIAKIUHU SPaTUIICU3
TaBaBBYp ATUII KUWKWH. THMPUMK OpPraHu3MHH OeJIrMjIapy Ba XOCCAJIAPUHH
KaHIail KWJIM0 y3rapTHpPUII Kepakku, Oy Oeiaruwjap asJiojjapaa Xam
cakjann® KoyicuH? byHra ¢akar opraHu3MHU T€HOTONHMHH SbHU YHU HPCUN
MaTEepUAIMHH Y3TapTUPHUILI OPKAJIH, SPUILIUII MYMKHUH.

Hpcuit marepuajHu (AHK Hnm) makcaara MyBO(PUK PpaBHIIIA
y3rapTupuil Ba KOHCTPYKIHMSA KWIHII — 0y TeHeTUK MHKeHepus GaHMHNHT
Basudacu. ['eH wumwxeHepus Meromiapu Owian gpatunaguran JJHK
MOJIEKYJIaCH, PEKOMOMHAHT MOJIEKYJIa 1e0 aTajiau.

Mouekynsip OMOJOTUSHUHI, T€HETMK MaTepUaIHUd MOJJa aIMallMHYBH
MaxCyJOTJIApUHUHT OMOCHMHTE3MHM TabMUHJALITA KOAUp OVYiraH, SHIH
KOMOMHaIuUsIap SpaTuill OuiaH anokaaop Oyiaran OYIMMH, FTeHETUK MHXXEHEePUs
€0 HOM OJITaH.

I'eH MHIKeHepHUSICUTa KUM Ba KA4YO0H AacOC COJraH? AMEpUKaIUK OJIUM
[L.bepr 1972 #iunna nabopatopusi mapoutuaa OUpuHYH OYiInO, peKOMOMHAHT
JIHK sipatran kynnan 0onuiad, TeH HHXSHEPUSICHUTA acOC COJIMHTaH. SIpaTtuiran
pekomOunant JHK, yu opranusmuau: “SV  40” Bupycu, “nambaa”
Oaktepuodarn Ba ‘“‘muak Taékyacu’ Oaktepuscuau JIHK ¢parmentnapunan
Ty3wirad. byHnan onguHpok 2 yHUKan Tuml depMeHTiaap ourmiMaranuga I1.
bepr Taxxpubacunu yTKa3ub 6yamac Ham.

by dbepmentnap:

1) pectpukrazanap — JJHK MonekynacHM aHUK ydacTKaJaH KecaJuraH
dbepMeHTIIap;




2) Jlurazanap, xap xun JAHK monekymacunu ¢parmeHTiapuau Ooup —
Oupura ynaiaura pepMeHtTIap.

Pectpuxrazanap xyna xamMm MyBoQGakuUATIM HOM — “OHONOTMK Kaldu’”
JeraH HoM onrad. by “kaiiumnap” é€pmamupa reH umxeHepiapu JIHK
MoOJIeKynaJapuHu  (parMeHtiapra KecuO, Xap XWJl  MaHHUMYJSIHUsIIap
yTkazaguinap. I'en uH:KeHepusicu OViimuya myBadgdakusTin Takpudanap
VTKasull Y4YyH 3apyp Oy/iaran HMKKMH4YM IODAPOUT, Oy “BeKropJapaaH”
douxamanumaup.

BexkTopiiap — Bupyciaap ¢Exu OakTepusulapAaH OJIMHAAWIaH KUCKA
xpomocomanapaan  tamkapugaru  JIHK  ¢parmentn - miiasmumpasap.
Pectpukraszanap Ba smrasanap épmamuna onumiap setopinapra JJHK Hu kepak
oynran ¢parmMeHTHHH (TeH ) kupuTawiap. Bekropuu Basudacu — suru JHK
Xy:kaiipara KHMpPUTHII Ba YHH XxyxaimH — opranmsm JIHK cura
JKOMJTANITH PUILL.

['en WHXEHEpUACH METOJJIapUHA MyKaMMaJUIAIUTUPHUIL, KapUHIOLI
OynMmaraH OpraHu3MJIapHHM IIy >KyMJIaJaH SBOJIIOLUSHUA Xap XWJ OOCKUYMIA
TypraH OpraHu3MJapHH XaM TE€HETUK HHQOpMauusapuHu OWpIallTUPHUII
UMKOHUHU Oepanu. byHman Tamkapu, “mpoOupkana” (in vitro) peKOMOWHAHT
JIHK sipatuin xapa€HuHu OOLIKApUIT XaM MYMKHH. AndaTTa OyHIal mapouTaa
TUPUK OPraHU3MHHU TYCUO KYHYyBUM MEXaHU3MIIAPUHU 4YETNIad YTUII MMKOHH
naiiio Oynanu. ByryHrn KyHIa Te€H UWH)XXEHEPUSICH METOUIapu JIOPHUBOP
Monjanap uunulad — 4YMKapumia Xamjaa Oomika Katop kapaéHiapia
MyBOo(QakuATIM HMIUIATUO KETMHMOKJAA. YJapHU acocuja, KeHr maciuradna
UHCYJIUH, WHTEepPEpOK Ba MHTEpIEHKHMH HHIUIad yukapuwiMokaa. ['eH
VHKEHEPHSICH aCOCH/IAa TPAHCTEH YCUMIIMKIIAP OJIMII TEXHOJOTHUSCH SIPaTHUJITaH.

T

3.1-pacm. I'en unscenepuscu ycynu OULan apamunean MaKKaXCyXoOpuHu aHeu Hasnapu

[ynunraex, HadakaT cepmaxcys, Oalku  OKOpH  Japakajna
KacaJUIMKJIapra Ba MapasuTiiapra uujgamid OyiraH XailBOH 30TJIapH  XaMm
apatuirad.Macanan, benrusga Ba AKI 1a kapTomkany Ba HOMUJAOPUHH STHTH,




KOJIOpaJ0 KYHFM3Ura uujaamid OynraH, wuHcektuuumiapau 40-60% ra
KHCKapTUpaIuraH HaBJlIapy ApaTUIITaH.

I'en uHkeHepus Oyiimuya TaxpuOajIapHu MyBapPaKUATIH YTKAZHIIT
YUYYH, JKCIEPUMEHTATOP KaHAAall KOHKpPeT Ba3u(paJapHH XaJ KHJIMIIH
Kepak?

['en-uHXeHepIMK UIUTapHU Oaxkapuil yuyH 3 Bazudanu Oaxxkapuil Tanad
KWJINHAIU:

1) xyxaiipara kyuupuO yTKaszumra spaiaurad, pexomOuHant JIHK
SpaTUILI,

2) pexomOunant JIHK Hu Xyxkailpara KUpUTHII METOAJAPUHM HILIa0-
YUKW,

3) xyxkalluH — opraHu3M Xy>Kalpacura KUPUTUJITAH TEHJIAPHU HOpMaj
(baonusT KYpcaTUIIU MAPOUT SIPATHUILL.

I'en Tuk wmxenepus Oyinua xap Oup umi, Oup Hedya OOCKUYAA amajra
OLLIMPUIIA/IN:

1) xepaxiv TeH Tabumii MaHOABJIApIAH aXPaTHO OMUHATU EKH KUMEBUIH
iyn OuniaH CUHTE3 KWIMHAAY;

2) BekTop (kepakiii reHHH Xykaiipara tTamu6 ytyBun JJHK Monekynacu)
TaHJIaHa/IH;

3) BekTOp Ba TamMO YyTaJAWraH reH siroHa CTPyKTypara OMpJalTHpUiIagn
(AHK M pexoMOMHAHT MOJIEKYJIaCH);

4) BEeKTOp Ba TEH CaKJIOBYM OHUpJalmraH CTPYKTypaHH, XYyXaluH —
OpPraHU3MHUHMHT Xy>Kalipacura KUpUTHIAIHN.

OHK
i

\ Pectpukrasa

== o
\ Mbpuaunsaumsa

: PecTpuKTasa

PekombuHaHT AHK
MOJIeKyacK

BekTtop

3.2-pacm. Pexombunanm (cubpud) [HK nune aspamunuwu




3.2.bo1IKa OPraHM3Mra KUPUTHII YYYH F'eH OJIMII MeTOAJIapH Ba
reHJIapHM Xy’Kaiipara KUPUTHII TEXHOJIOTHACH

Auru renetuk koHcTpykuusuiap, JJHK monekymacura ssHru reH (JOHOp —
opranm3muauar JIHK cunm ¢parmentu) kuputum Wynu OuiaH OJMHAIM.
Ilynpaii “TpaHciIaHTANMA” YYYH TeHHM KaHAal OJTMII MyMKHH?
Xo3upraya Oy MacajaHH €YUIIHU 3 METOU MABIIyM:

1. Ten axparu® omwum, terunum MPHK omummman xypa KuWWHPOK
OYJITaHIUTH Y4YyH, TeCKAp¥ TPAHCKPUNIUS peakuusicuaaH (oiiaajaHui
MYMKHMH. YHM MOXUSTH IIyHAaH uOopaTku, pesepraza (epmentu, PHK
MoJIeKyJajgapuH marpuna Kwin6 wunuatu6, JHK Hu cunTes xumamgu.
PeBepTaza €pamamuna nesapiiv Xap KaHAal Te€HJIapHU CHHTE3 KWIWII MYMKHH.
byHuHT yuyH MyalisiH redra moc kenagurad M PHK axkpaTtuiran Ba TaIKUKOTHU
uxTuépura OepwiraH OVIWIIM Kepak. XyIIud Iy YyCyijaa, OJaMHUHT KY3u
XpyCTalld OKCUJIMHUA CUHTE3UMHU KOMJIOBYM TE€H, IIYHUHIZEK TYXyM OKCHJIH,
unak GuOponHu Ba OOLIKA FE€HJIAPU OJIMHTAH.

2. I'enHu cyHbUil, KUMEBHI CcUHTe3 WHYau OMJIaH OJIMII MYMKHH.
bynpgaii cunTe3nn OupunHunm Mapta 1969 imnna I'. Kopana Oomrywmiuruga
WIMHI KOJJIEKTHB aMayira owmuprad. Jlactma® cuHTe3 KuWJuMHTaH reH ¢aos
YUKMAaraljiuru cababnu, Oy KOJJIEKTHB TaKpUOAJapHU aBOM ATTUPHUILTAH Ba
OMpo3 BaKT YTraHAaH KEWHMH ¥3 MakcaJjlapura >SpUIITaHiap — OWpUHYH
¢dyHk1MoHan (aon reH cuHTe3 Kwirannap. by ren, nyak taékuacunu T PHK cu
HU KojJiaraH. XO3Upry BakTAa, Kyriad reHiaap KUMEBUN CUHTE3 Wynu OwiaH
ONMHAAU. Yiap opacuja HMHCYJIMH, COMATOTPOIIMH, COMAcTaTMH Ba OOILIKa
TOPMOHJIAPHU CUHTE3UHH KOJJIOBYM IeHiIap 00p.

3. TaOumii manGabaan ren axkpatum. by xyna Mmypakka® Basuda,
YyHKH oOpranusmMja ¢GaonusaT KypcatuOd KenmaéTraH Kyn MHUHIJIA0 TeHJap
opacuiaH, SrOHaCHUHMU, MyalsH OEJNTMHM pPHUBOKJIAHMIIMHU Ha3opaT KWIuO
TypraHMHU aXpaTUO OJMII KepaK. ByHUHT y4yH aXpaTWIMIIM Kepak OyiraH
rennn JIHK monekynacupa »xoinamran >KOWMHU aHUK OWJIMII Kepak Ba YIia
KOMITAH TEruiuiM crneuu@ukiIukra sra OyiaraH pecTpukrasa (QPepMeHTH
épaamMuia kecul kepak. Kepakiim reHHH KalcCH KOMJAA KOMIAITAHIUTUHA
OnmJMI y4yyH miaasMuaa uuuiatuiaaau. Iiuasmuaa, xap X ressapra Kupuo
0,10, YJApHM MYTAUMACHHM 4Yakupaau. Myradt Oearwiapu Oyiiuua,
KEePaK/JIH IeH KMPIraH KOMHM AHMKJIAHAAM BAa YHHM IUIa3MUIAJaH a:)KPaTHO
OJIMHA/IH.

V30K BakT naBommaa, JIHK TtapkuOumaru xepakiv reHHU aHUKJIAIl Ba YHH
kecr® oymmm kuiinH Baszuda OYynran. JIHK crnupammapu dvanmkamras, yJaapHH
y3yHJIIMT OMpHEYa MUJUTMMETpJaH, OMpHedYa caHTUMeTprada OynmO, xaiakara
Ypanub onaau Ba Y3MHU T'€HUHU “OeKUTUINTA” Xapakar Kuiaau. uamerpu 1-2
HAaHOMETpra TEHr OYnraH, HO3MK, T€3 CHHYBYM MOJIEKyJajap, CHUpPaIHU
TYFpuiaad oNMII Ba TapKaTUIIra KapaTwiraH Xap KaHgal TaaOupiap,
ypUHULLIAp TabCUPHUAA T€3 CUHAIW. byHaal xonaTaa, Kepakiu TeHHU KUIUPUIIT
nynuna Oaxapwiaran unuiap MyBoddakusrcus uukaBepran. Lllyngait xkumuo,
kepaxiu reHuu JJHK nan axkpatu6 onum myammocu, 20 iuigad KYTIpoK BakTaa
camapa Oepmaran. ®Pakarruna XX — acp oxupu Ba XXI — acp Oouutapura
kenu0, Anonusuuar Kuorto ynusepcureru onumiapu, JIHK cnupanunu “ontuk




oMOup” nap €paamMuiaa 4Yy3WIl YCYyJIMHHU spaTtrannap. “Ontuk omOup” HU
Oab3uaa “onTHK TYTKHY €KW “mazepiau muHNET Ae0 Xam atamaau. “Ontuk
oMmOup” — yTkup (OKyCHaHTaH Jlazep HypiapumaHn ubopar 0ynub, Oy Hyprap
MOJIEKYJIaHH yliad KoJIaIu.

HamyHa cnptn

06beKTuB

Naszep { —

OnTuK ywnarny

vy

JOHK 3aHKu

ONTUK yWwnarmy numaarm
cTpenTaBuMANHAAH
TaMépnaHraH myH4YoK (d=1
MKM)

3.3-pacm. “Onmux ombup” nap époamuda JJHK monexyracunune uyzuuL cxemacu

KynuHua Ttekmmpunaguran MoJIeKyJa OXHpUra KUMEBUM MOJJIAJIAp
épramMuza THHUK AUDICKTPUK “MyHYOKYanap’ KOTHpwiIaau. by “myHuokuanap”
KaHIaWIup CHUHUII KO3(PQPUUMEHTH, MYXUTra HucOaTaH OKOpH OyiraH
nojauMepiapaan TaWépnanaau. Hatwka Oepaauran Ky4 MYHUYOKHHM Jiazep
HYPUHUHI MHTEHCHUBJIUTY MaKCUMall OYJIraH 30Hara s’bHU YHM MapKaszura kapad
TopTagu. SnoHus onumiapu, “‘MyHYOKYa” YpHura ‘“Z” xapdura yxmaran
MUKpPOWJITaK Ba MUKpOOOMHaIap UILIaTraHap.

Mukpowirak, CnMpagHy OJIMMIIADHU KU3UKTUPraH YYaCTKACHHM YPTraHMIII
UMKOHUHM Oepanu. Jlazepmap éEpnammupa, onmumiiap OYIMHAOUraH a4UTKH
3amOypyrunu xpomocomanu JIHK cunu cnimpanunu unmb onud, ymapra mukacT
€TKa3MaclaH 4Yy3ull Ba KEWMH MKKA MHUKPOMOKKHMYAra, XyJIJId HWI YypaliraH
Fantakka yxmab Yypad omumra spunpaunap. JAHK monekymacu uy3unran
X0JIaT/a, KepaKkii FeHHH TypraH >KOMHHM yuiamMuu (a3o/a aHUKJIall aHYa OCOH.

Mukponirak, CnupaiHi OJIMMIIAPHHA KA3UKTUPTraH YYaCTKACUHU YPTaHUII
UMKOHUHU Oepamu. Jlazepnap Epmamuaa, ojgumiap OYJIMHAAWTAH a4YUTKU
3amOypyruHu xpomocomar JIHK cunu cnimpanuau uianbd oimod, yiaapra MmKacTt
€TKa3MaclaH 4Yy3ull Ba KEWMH MKKA MHUKPOMOKKHWYAra, XyIJId HWI YypaliraH
raitakka Vxmad ypabd omumra spunpawiap. JHK wmomekynacu uy3uiran
X0JIaTAa, KEPaKiIu F'€HHU TypraH »KOMMHM y4jiaMuu (a30/1a aHUKJIAIl aH4a OCOH




I'ennapum Xyskaiipara KHpUTHII TEXHOJIOTUSICH. AXXKpaTuO OJIMHTaH
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3.4-pacm. JIHK cnupanunu muxpouneax époamuoa uiub oauul 6a Ketun
mopmub, MUKpoooOuHaniapea (MUKPOMOKKU) Ypab OTUWHU CXeMAMUK KYPUHULLU

¢xu cunte3 KwmHran JIHK dparmenTu (reH) y3uman y3u, MycTakuil paBuIjia,
Xy)KalMH — OpraHu3M Xy)Kaiipacura Kupa oJManaud. TaaKMKOTYWIIapHU
aHUKJAIIN4a, T€HHU KYy4yupuO YTKa3uil Ba yHH (HaoNHIT KYpCATHIIUA YUYH,
oomka opranusmHu JIHK cu acocupa sipatwiran KymmmmMya HaHOCTPYKTYypa
3apyp Oynap KaH.

Casoun tyrunagu: bomka IHK nan KymumM4a HAHOKOHCTPYKUMA KaHAAH
Kuan0 sipatuwiaaau? bomka opranusm [IHK cupan sparwnanuran Kymmmua
HAaHOKOHCTPYKLIMS “BEKTOp” AeraH HoM oiad. Bekrop Oomika opraHusmra
KUPUTHUILTAa MYJKAJUIAHTaH T'eH CAKJIalIu Ba XY KalWWH OPraHu3M XYKaupacuHU
JIHK cura xupu® onum XycycusiTUra sra. YHU KEHMHMHUYAIUK TOMHWII KyJai
Oynmumm yuyH, O0ab3uaa HUMIOHIAO Kyiwnanu. BekTopnapHu muiazMujanap Ba
supyciapau JJHK cu acocuna sparunaau.

OHT co/ia TUTa3MUJAIA BEKTOp KyWHIard KOMIIOHEHTIIapAaH noopar:

1 — xyxaiinn — xyxaipa JJHK cura kupuinm kepak OyiraH res;

2-Tja3Muia  Ba  KyuMpuO — YTKa3wiaguraH TEeHHH  PEIUTUKAIUSCUHU
TabMHUHJIOBYH YYACTOK;

3 — reH KUpUTWIITaH TJIa3MUAJaHU CaKJIOBUM Xy>KapaHW aHUKJIAll UMKOHUHU
OepyBYM MapKep;

4 — ITmasmupa JIHK cu.

Tupuk opranusm Xyxaipacua pekoMOMHaIus xKapaCHu (pakKaT rOMOJOTUK
(oup xwn) JHK wMonekynamapu opacuga coaup Oynagu. OpraHu3miaH
Talmkapuaa, peKoMOWHaIug KenuO-yukumu  Xap xwin  Oynran  JJHK
MOJICKYyJIaJlapy Opacujia COaup OYIuIM MyMKHH. By, T€H  HHXCHEPIUTH
METOJMHUHI UMKOHUSTIAPUHU aHYarMHA KEHTaUTUpaIu.

OpranmsMaan TamiKapuaa peKOMOMHALIMS aMajra OWHWIIUA Y4YyH
Humagap kepak? Xap oup JIHK monexynanapuan xap ukkana yuanaa Kucka (4
tagan 20 Tarada HYKJICOTHIUIap) OUp 3aHXKUPIMA ydacTKajgap — ‘‘EMHIIKOK




yunap” Oynauuuiapu kepak. Yiap, OMp 3aHXHUpPIM ydacTKaJlap Oopacujia XOCHJ
Oynanuran Bogopon Oornap €paamuna, JHK Hu xap xun ¢parmentinapuau
OoFmam UMKOHUHU OepaJiu.

Wkkuta Oup3amxkupid “€nuIIKoOK yuimap”  Ownan Tapmuniad, [JHK
MOJIEKyJIaJlapuHU KaHjai Kuino, “YTkupiam’” MyMKuH? By Basudanu Oaxapuin
Y9yH TaIKUKOTUUIIAP “OMOJIOTHK Kaldn’’ JJApHU — PECTPHUKTa3a PepMEHTIApUHU
numarawiap. [hrasmuaa JIHK cuam Ba kuputnnaguran rennn JHK cunn
pecTpuKkTasa OujiaH UILJIOB Oepra”aaH KeinH, xap ukkaiga JJHK xam “€numkok’
y4 (Oup 3aHXKUpIK ydacTkanap) xocun kunaawiap. Kevun, nnazmuna JJHK cu
Ba KMpuTWiIaauran (0eroHa) reH apajanmacura jmraza (epMeHTU KYIIUIaIu.
by depmenTt 6erona rennu miazmuaa JJHK cura kuputud Kysiam.

KupuTtunraH reHnap

In vitro wapountnaa Enuwkok yunap

pekombuHauma

nnasmunaa

Mapke
PHrep PekombuHaHT

nnasmuaa

3.5-pacm. Ihasmuoa /[HK cunu (mapkep caxnazam) 6a Kupumuiaoueam 2em
JIHK cunu “énuwxox yunap” opxaiu 6onanuuiu

BekTop spaTwnrangaH KeWWH, YHHM OOIlKa OpraHu3M Xy)kailpacura
(x¥>xaituH - opranusmra) “‘erkasuin = kepak. Hadakar yHra (xysxaiipara) BEKTOp
KUpUTHULI, OAJIKKM YHU (BEKTOPHHU) XY>KallMH — opraHu3Mm Xyxaiipacuauar JJHK
MOJIEKYJIACUTa KOWIAIITUPHUII KEPAK.

Xy:xkaiimH opranusm Xxy:xaipacura JIHK kupurum ycyaum. berona
JIHK (ren) ©Hm Oaxrtepusira, XalBOH Ba YCUMJIMKIAPHH 3IMOpPHUOHAIT
XyKaWipanapura, XalBOHJIApHU Xy>KalpaJapuHH SApoapura, aKpaTud OJIMHTaH
Xy>Kanpalapra, TyKumMajapra Ba YCUMJIIMK CIIOpajapura KUPUTUIL MYMKHH.

berona /IHK kanpail Kwiu0, XyKkaMH — OpPraHusM Xy:Kailipajapura
KupuTHaaau?

Onumap 6erona JIHK (ren) kuputuiiau Oup Heva yCyJUIapUHU UXTHUPO
KHWJITaHJap.

1. Mukpounbekuus. {uamerpu 100 HM ra TeHr OyiraH HO3UK LIUIIA
TpyOKasapyasiap (MUKpONUIETKadap) Ba MHUKPOMAaHUIYJSITOpiap €paamuia




BEKTOPHU TYFPUIAH — TYFPU XyXKalpa sAApOCUra KUPUTUII MYMKHUH. bup
uabeknms Ounan 100 nan 300 MuHTTaYa BEKTOPJIAPHUA KUPUTHUIIT MyMKHH.

3.6-pacm. JIHK (sexmopnu) xysicaiipa 10pocuea MuKpOUHbeKyuscu

2. Jlunmocomanapra ypam. Jlunocomamap — cdepuk (JIyMaliok)
MeMOpaHanu mnydakyanap OYnuO, ylmapHU AEBOPU JUIUJUIApJAH TY3UJITaH.
JlumocoManu WYM BEKTOpiap OwiaH Tynaupwiaau. Jlumocomamap Xyxaipa
MeMOpaHaJlapUHUHT  JIMOWJ OuciIoWura Kupaiad, Ba YyHAA DJPUNAM, YHU
vnuuaaruaap (BeKTopiap) 5ca XyKaipaHu HUTOIIA3MACUra TyIHO onaguiap.’

3. Tpancdexuusi. Bekropmapau Kanbluii WOHIApW OWaH WIIUTAHAIM.
Xocusl OYyJIraH UWOHJApHUM HAHOKOMIUIEKCIapW Ba BEKTopJap, Xyxkaipa
MeMOpaHallapuJiaH axXpaiu0d uukKaguraH (QparmeHTiap OwiaH Ypanaaumiap.
Memb6pananapra sxoinamm0 (Ypanub) oaran HaHOKOMILUIEKCHIAp (BEKTOpJap Ba
KaJIbLHAN VOHJIapH ) MUKpomypakyaiap KYpHUHUILIN]IA XyKalpaHu
nuToruiazMacura YTtub omagunap. by MeromnaH BEKTOpIapHH AyKapUOT
XyKalpaapra KUpUTHII MaKcaauaa GpoinanaHnuiaim.

4. DnexTponopanus. Xyxanpara roKopy KywiaHuiira sra oymaran (200-
350 BodbT, MaBOMUNINTH 54 MC) UMITYJIbCIIAp OWJIaH TabCUP ATraHnaa, Xykaipa
MeMOpaHaJlapuHU YTKAa3yBUAHJIUTH ommaau. MemOpaHaga KUCKAa MYJIATIH
naijo OVynaauraH MHUKpOTEIIMKYaaap OpKajdu BeKTopjap arpod MyXHUTIaH
(apuTManaH) Xyxalpa 1UTOIIa3Macura Kupuo oJiaaumap.

5. Muxkpobyaakuagap Ouiaan OomOapaumpoBka Kuiaumil. by
YCUMIIMKIIap, T€H WHXKEHEPUSICUA SHT camapaiid MeToiiapaan oupu. Kuputu
YUyH YpYFHU NHUIIMO — €TWJIMaral MypTakiaH (Gongananuiaad. Y 1apHu OJTUH
¢ku Bosmbppam (amamerpu 600 HM arpoduaa) KyKyHiIapu ~OwiaH
oomOapaupoBka KuiauHaau. JlacTinad KykKyHJIapHU YCTH BEKTOpJap OuiiaH ypad

> [Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing Pte. Ltd.»,
2009. 46-75 p.].




onmuHaau. by kykyHuanap (Oynakuanap) OwuiaH “reH mymika” Japu YKIaHaJu.
[Tymkanap oTwiraHaan KeiWH, KyKyHYanap YCHUMIMK XyKalpacura KUpUO
onmamu. OTHII MapKaswjaa >KOWJAIITaH XyXadWpamap HOOynm Oynmagumap ammo,
Mmapkazaad 0,6-6,0 cM y30Kzaa koimamraH Xy»aipajiap, BEKTOpJIap KUPUTHUII
ya4yH JKyda Kymaid Oymaaw. DHT coajla Ba OpWUTHHANT “T€H MYIMIKACHHH
Poccustmuk onmum P.K. CamaeB uxtupo Kwirad. Bekrtopnap €numTupuiraH
ONTHH MIapyaiap, TeOHAaH scalraH IMyJKara > KOWJAIITUPUO OTHINTra
TanépIiaHau.
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3.7-pacm. P.K. Canaes sipamean ‘“‘2en nywkacunune”’ uusmacu

Otunrangan KeiuH YK CTBOJIJAH y4uO YMKAAW Ba HACAJKaHU TEUIUTHIA
yuutanu0 kKonaau. MHepius Kyuu TabCcupua BeKTOopiap ENUILTUPUITAH OJITUH
mapuKJanap oTuiand yukub Hacajgkanu oxupuaaH 10-15 cM y30kauKaa Typrad
YCUMIIMK XyKaiipacura Kapal ydanu. XyKaillpaHu Ba yHM SAPOCHUHU TEIIUO
yTHb, ynap BekTOpiapHu Yycumiuk xyxkaiipamapu JIHK cum monekynacura
eTka3ub Oepaau.

I'mOpux  marepuasuiap  sparumjaa, OakrepuodarjiapHd  IeH
uHxkeHepusicu. baktepuodarmap (Oakrepusiiapa Mmapa3uT XoJga SIIOBYU
BUpYCJIap), HAHOKOHCTPYKTOPJIAP Ba HAHOTEXHOJOIJApHU IAUKKATUHU WKKA
cabab OunaH y3ura TOpTraHiap:

1 - ymap, KeHr TapKajiraH TaOWUWil  HAHOKOHCTPYKTOpJap
XUCcoOTaHaAuIIap;

2 — ynap, TeH WHXEHEPHICH MeToanapuaan Goinanannd, MaHUTTYIISIIHS
KWINIITA Kyaa KyJauiap.

bakrepunodarnapman  sHTEM  yHHKan ~— TabwaTtaa  yupamaijauraH
HaHOMaTepuayiap sparumga ¢oipananuim MyMKHHMH? by  caBonra
oupuHumiapgan O6ynmu0 AKII Huar MaccadycT TEXHOJIOTHUS HWHCTUTYTHU
OJIUMJIApH kaBoO Oepwuilra KUpuIIraniap. Yiap, OyHIall KOHCTPYKIUS sicalll
y4yH acoc K0, 6akrepuodariiapHu reH WHKEHEPJIUTH METOJAMHM OJIraHiap.




BynuHr yuyH xap xun okcuiutapHu kojuioBun JJHK monekynacu, 6akreprodar
JIHK cu tapkubura xuputuirad (OakTepUsHM KaclUIaHTUPYBUM BUPYC). SHrU
JAHK 6axkrepunopar [IHK cuHu BUPYCHU CUPTKM OKCUJUIAPUHU CUHTE3U YUYH
KaBoO OepaJuraH yqacKkacura KHPUTHIITaH.

Okenn cuntesm i Okcun cunTesn VI 016 6opyBYM HAHOUMNAPHUHT
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3.8-pacm. Xap xun oxcunnap xkoonosuu JJHK ¢ppaecmenmuapu 6axmepuochae JJHK cunu uty
OKCUNIAPHU CUHME3 KULAOUSAH 64 YIIAPHU Y3UHU CUPIMUA HCOULAWUMUPAOULAH YUACMKA2A
KUPUMUI2AH

['eH mH)XXEHepUsCM METOAM OWJIaH OJMHraH OakTepuodar KOJIOHUSIIAPH,
Maxcyc MyXuTra >Kounamtupuirad. by mapoutna onumiap, 6akrepuodarHu
CUPTKM OKCWIJIapUHU cyOcTpaTra EnuIMmuHN Ky3atraniuap. CyOctpaTHH
CUPTHHHM I0BUO TaluiaraHjad KeWuH, yHU cupTuaa ¢akaT cyocTparra OOFIOBYH
OKCUJIIap cakjaran Oaktepuodariap “€mumrad ~ Xojja KOJIFaHjap XOJioc.
Enunm6 xonran GakrepuodariapHu akpaTHO ONMHMO, yIapHM SHTH MyXHUTra
VTKa3WwIraH Ba yJIapHU KOJIOHUSJIAPMHM YCHUIIWHU TabMHHJIAIITA XapakaT
KHJITaHJIap.

[Mynpaii  xkwmb, Xap Xwia wmojaanap Ouwjgan (cyocTpartiap)
OOfyIaHAUIaH Ba SIHTM MYPAKKa0 CTPYKTypajap XOoCWJ KWIAIUIaH
OaxkTepuodariap ApaTWiraH.

Xo03upru BakTAa OJUMIIAp, OJITUHTA, IUJIATHHAra, KyMyllra, pyX OKCHJIWTa,
apceHuIrajuiMiira Ba Oomika HOEO MeTamiapra aare3uB (€nuiryB4aH) OYnraH
OakTeprodarnapan “OnbIMOTEKA” CHHU SpaTHUI YCTUAA UILIaMOKaaiap. MaHa
HIyHAal OKCWUIap Ba HOOPraHMK MOJAJANApHU TUOpUUIapu  acocuia
HaHOMAIIIMHAJIAP Ba HAHOXJICKTPOHJIM KypuiMamap sIpaTUIll y4yH KU3UKAPIH
OYnTaH sTHTM HaHOMaTepualap Ba HAHOKOHCTPYKITUSTIAP KOHCTPYKIIHS KUJTUIII
MyMKUH OYymagu. TaxpuOanmapuu Oupuga, oJumiiap OakTepuodariapHu
UIICUMOH “‘€FWINILINIINHNA Ky3aTTaHjiap. YJIapHU CHPTJIAPHAAru OKCUJLIApH,
PYX cyiabpua Owinan O0orsanud, y3yH auaMerpu 20 HM OVJraH 3JIeKTp
YTKa3yBUH HAHOUILJIAP XOCHJ KWINIIN Ky3aTWaran. OJIMHraH CTPYKTypaHU
350 °C raua xusgmpunranga, 6axrepuodariap 9ukuo, pakar HadUC METAILIH
uriap kosran xosoc. lllydra yxmam iyn OwiaH OpraHuk Ba HOOpPraHUK




MojjanapiaH  OOIIKAa OpUrMHAJI HAHOCTPYKTypajap SpaTHill  MYMKHH.
Onumitapau macTinabKy TaAKUKOTIApUa WILIATUITaH Oaktepuodarmap, 6op-
UyFu 6 XU OKCWUIApAaH TallKWiI TOINraH, yjiapJaH MKKUTACU HOOPTraHUK
MojAanap Ouian OofnaHraniap. X03UPru BakTa OJUMIIAp yWiaMuld YTKA3yBUH
CTPYKTypajlap OJIMIII MaKCaJauja, IOKOPHUIArd TaKpuOajdapHU OKCUI TapKuUOu
sIHaJla MypaKKkaOpoK Oynran OakTepusuiap Ouiian omb 6GopMoKgaIap.

I'en Tepanmusi Ba reH TapreTuHr. Xo3upru Bakrraya ogamuu 2000 nax
KYIIPOK UPCHIM KacaUIMKJIapyu aHUKIaHrad. Pakar ylnapHU KUYHK OHUp
KMCMUHUTHHA aHbaHABUN yCyIap €épJaMuja naBojaca Oyaaam.

I'eH WHXKEHEPUSICUHM HMPCHMH KACAUIMKIAPHHU JAABOJALIAA KAaHAAW
UMKOHUATIapu Oop? ['en wuHXeHepuscu MeTomIapuaaH TUOOMETIA
dbolnanaHuIHA acociaml Oyinda umuiap, TyHEHUHT KYTjlad mMamjakaTiapujia
30-35 #ummap gaBoMuja oiau0 OopwiaéTraHJMrura KapamaciaH, Oy coxaja
SPUILUITIIAH IOTYKJIAp YHUYAIMK JAapa)kaja KOHUKAPIU dMac. DHT aBBalo, yiiOy
MyaMMOHMHT YTa KuinHiuru ounan 6ornuk. dakar Oupra renna nedext maitgo
OynuIMaaH Keaud YMKKaH KacayUIMKJIApHU JaBoJjallla Ty3yKpOK HaThxKajlapra
spuliTrad. byHai xonataa, Kacaja XysKailpaHu XpoMOCOMACHUIa, aHUKPOFH
IIMKACTJAHTAH TeH TYPraH »Koiira HOpMaJl IeHHH HYHAJTHPraH Xo0J1a
KMpUTHII MYMKHH. Hopman reH Xxyxkailpara kepakiu OViaraH OKCHUJUIApHU
cuHTe3uHu (pepmentiap €xku Oomika Mojaaaiap) TabMUHIA0 Oepa onaau, Iy
OpKaJId XyXahpaHu (QYHKIUSACH KOWHUra TYIIMO, OPraHu3M COFJIOMJIAIIA/IH.
Wpcuit kacayumMkIIapHu J1aBOJIAIIHYU, MaHa 11y OPUTHHAJ HAHOOMOTEXHOJIOTUsTa
acocllaHTaH yCyJld — reH Tepamus J1e0 HOM ojiraH. ['eH TepanusHu MaHa
myHai 6up MapoTtabanuk mporeaypacH, 0ab3uia UPCUil KacaUTMKHU TYJIUFUYa
naBoamraya om0 kenaau. Mpcuil KacaJUMKIIApHU KYIMUYUINTH, XpOMOCOMa
JIHK cupna y3rapran (“meiiopunan tamkapu’”) TeH KUPUO KOJITAHIUTH OuiaH
oormuk. bynmait reHHu daonusaT KypcaTtuiid, opraHu3mra ¢akar 3apap oiaud
KeJau.

Opranusm yuyyH 3apyp OyJrasn reHHM (YHKUUSICHHH KaHAal
TYXTAaTHII MYMKHUH? byHIai XonaTiaap y4yH OJMMIIap TOMOHU/IAH TaBOJIAIIHU
OpPUTHHAJI YCYJM MNUIA0 YUKUITaH Ba Oy yCyJl TeHJIM TAPreTHMHI EKU TeH
“HokayT” n1e0 HOM oirad. By ycyJ, mMyaiiiH reHHH (YHKUMSCHMHH TYJIMK
0ocnd Kyuumra (yuupud KyHMIIra) acocjJaHradH. byHHHr ydyH, HOopman
TeHHU MypTaK Xyxkaipana BaKTUJa ‘“CHHUK’ HycxXa OWIaH aJMallTUPyBYH
HAaHOOMOTEXHOJIOTHSI Kepak. ['eHHHM ‘“‘CHMHMK’ Hycxacura, HYyKJICOTHIjIap/aaH
nbopat OynraH Maxcyc (BCTaBKa) sIMOK kKuputuianau. “CHHHUK’ HycXa, HOpMal
reHaad Qakat mMaHa 1y ssMOFM Owinad (apk Kwiamud xomjoc. MoK (KymmMmua,
BCTAaBKa) CHHMK HyCXa CakjaraH HUpCUil HMHQPOPMALUSIHH YKUIIT pPaMKACHHH
Cypu0 Kysiau.

Iy cababnm, Oy reH KomJalauraH OKCHJI CHHTE3 OynMalau (S’bHH T'eH
daonusAT KypcaTMmaiiam), 1eMaK KacajuIMK Nani10 OyaManiu.

XO0o3upru BaKTAa TE€H Tepamuss Ba Te€H TapreTuHr épaamuaa 10371a0
KacaJUIMKJIapra JaBo TOMUJITaH.




3.3.Xy:kaiipa miasmMajaeMMaJapHUHT Ty3HJIMIINA Ba GyHKuusicn®

Tupuk cucTeMalapHUHT HAAMOJICKYJsip (CyOXyskaiipa) mapaxkamaru
CTPYKTypa Ba (PYyHKIIHOHAJ OMPJIUTH, OMOJIOTUK MeMOpaHaaap,0praHouIap Ba
yJlapHHU KUCMIIapH XUCOOIaHaaumIap.
buonoruk memOpananap, Xyxaiipaga cakjiaHrad Oapua MOJa, OpraHOW7 Ba
CYIOKJIMKJIapHU, aTpod  MyXUTAaH  axpaTtud  Typaau,  XyKalipaHu
OpraHOMJITAPUHM IIAKJJIAHTUPaAU. YJap Mypakkad TapkuOra Ba Ty3WJIUIITa
sra. buonoruk wmemOpaHanmapHM CTPyKTypa Ba (QYHKUUSJIAPH XaKUJard
MabJIyMOTaap, akat 3JEKTPOH MUKPOCKOIUS TaAKUKOTIApHU aCOCH]Ia OJMHTaH.
by taakukotnapuu C. 3unrep Ba I'. Hukosiconnap 1972 itunga, niazmaneMMaHu
(Xyxkaiipa MeMOpaHaCHMHH) CYIOK-MaH3apajid MOJEIUHN SpaTHUil OWIIaH,
HUXOSICUTa €TKa3auIap.

by wmonenra kypa, mnasmanemMma Huma? I[lnmasmanemma (Xyxaipa
MeMOpaHacu) — Oy XyxalpaHu TallKapuaaH uerapanad TypyBUM CHUPTKH
CTPYKTYpa.

VY, Xyxaiipanu XykalipagaH TallKapujaard MYyXHUT OWJIaH aJlOKACUHU
amaiira omwupanu. I[Inazmanemmann kamuumuru, 5 — 10 M. IDiazmatuk
MeMOpaHainap acocaH l:1 HucOaTna OJIMHraH OKCHWJIIAp Ba JMOWAJIApAAH
TYy3WIraH. Y, UKKM KaBaT JIMIKJ MOJIEKylanapy épaamMuia MaKkulaHaan. Jinnua
MoJiekynangapu: ruapoduis (mossp) Oomrya Ba ruapodoO (HOMONSIp) TymaaH
noopar. Jlununnapau ruapodod Tymu, JTUNUAITH OUCIOWHM (MKKU KaBaTHH)

nyura, ruapodusns Oommyanmap 93ca, - Tallkapura Kapal KoiiamraHmiap.
[Ina3maneMMaHy JMNHUAJIAPU Ba OKCWIJIAPH, TE€JICUMOH KOHCHCTEHIUS XOCHII
KUJaauiap.

MemOpana OKCWUIADMHUHI Tuljapu. MeMOpaHaga Jokanu3anus
Oynran okcwIap, MeMOpaHara crenuuk XycycusT Oepaau Ba Xap XHI
Ounonoruk Basudanu Oaxkapaau: YTKa3yBuH, (PEPMEHT, CTPYKTYpaaud MOJEKYJa
Ba X.K. OKCUJI MOJIeKyJaiapu, JUIUIN Oucioiaa Man3apaiu 0yiu0 TapKairad
Oynmamunmap Ba YHMHT HWuMjaa  (Joupacuja, yerapacuga) Oemanoi
XapaxkaTiaHaauiap.

Okcun  Mojekynajgapu, KaHiald KuaiauO, JUNUIIM — MeMOpaHaHU
OYTYHJIUTHMHHU cakjaraH XxoJjiga Oucnoiiga yuutanu® xonaawiap? Jlunupmu
oucioiga, OKCUI MOJEKyIallapH, JIMIKJ MOJIEKYJIaJIapyuHU TOJIAp Ba HOIOJSP
KUCcMiIapu  OuiaH  Oynmaguran  TuapogoO  dIEKTpOCTaTHK Ba  OoIIKa
MoOJIEKyJajgapapo y3apo myHocabatiap tydaiinu ynuianu0 typanunap. [lyaunr
y4yH XaMm, OKCWUIAPHH, JUMUIIN OWCIOoiAa JpKUH XapaKaTJaHTaHJIapura
KapaMacJiaH, Ma3MaJleMMaHUHT KOHCTPYKIUSCH €Tapiii Japakaia MyCTaxKam
Oynagn. TagkUKOTUYMIAPHW XaWpaTaa KOJIUPAJAWTaHU, OKCHUIUIAPHU XHIJIMA
xwuaruanp. MemOpana okcwiapu HadakaT Ty3WIHILDIApU Ba GyHKIUSIIAPH,
OaJIKH XKoMnalmuiuiapy oyinda xaMm XujiMa-Xuaupiiap.

MemOpanau oKcwIIap, Y3JIapuHUA JUMUIN OUCIIONa JKOWIaTUIIIapy
Oyiinua, WKkura OynuHagunap: nepudepuk (TalmIku) Ba HHTErpan (M4uaa
YKOMIaIraH).

6 C.M. Niemeyer., C.A. Mirkin. Nanobiotechnology: Concepts, Applications and Perspectives. 2004 WILEY -
VCH Verlag GmbH & Co. CGaA, Wienheim. 327-332 p.
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3.9. ITnazmanemmanune my3uruiuHu CXemacu.

1 — aunuo monexynanapu; 2 — nunudnu 6uciou;

3 — unmeepan okcun; 4 — apum uHmezpan OKCu,
5 — nepughepusoa sncoviauean OKCULLIAp;

6 — enuxokanuc; 7 — cybo membpananu Kasam,
8 — akmun caxnaean muxkpoghuramenmuap;
9 — muxpompyorauanap; 10 — opanuk gpuramenmaap;
11 — cauxonpomeunnap 8a 2nuKOIURUONAPHU YeLe800 KUCMU

[lepudepusana xoinamrad OKCHILIAP, JTUMUA MOJICKYIaJapUHUA TOJSPIN
Oomryanapu OujaH SJEKTPOCTATHK Y3apo TabCcHUpiap OpKaJId OOFIaHTaHiap.
MeMOpaHna XoCWJI KWJIMIIJIA acOCHM POJHU HUHTErpan (MYKH) OKCHILUIAp
Oaxxapammiap. MaTerpan okcusuiap Tynuk (OyTyHai) €ku KUCMaH OOTHpUIITaH
Oynmunuiapy  MyMKuH. MemOpaHara TYIMK ~ OOTHpUITaH  OKCHUJUIAPHU
WHTETpaJUIaHTaH  OKCWJUIAp, KUCMaH  OOTHpWITaHJIapHH  3Ca,  SPUM
WHTErpaJUlaHTaH OKCWiUap ne0 topuTwiaau. bab3u okcuiuiap, mMemOpaHaHU
TYnMUK TemuO Yragunap (yJgapHu TewuO YTyBUM €KUM TpaHCMeMOpaHaiu
OoKcuJIIap €0 atayiaan).

W Ykl 4
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OKcun BoTn6 KMpaamraH WukK okennnap
OKcmn

3.10-pacm. IMnazmamux (xyscaiipa) memoOpanaiapuHure MeMOPanaiu OKCuLLapu




Xyxailpa memOpaHajdapyUHM Y4YyHUYM KOMIIOHEHTH — YIJIEBOJJIapIup.
VYnap, acocaH onurocaxapujiap Ba MOJHACAXapUJIapAaH TAlIKWI TOIaH.
Xyxaiipa MemOpaHajapuaa YIJIeBOMJAPHH OHOJOTHK poJud HuMma?
[Tna3maTuk MeMOpaHantapHU yrieBOJJIapHu, OKCHIIap OuiaH OOFIaHraH XOJja,
(rmukomnpoTenHuap) €ku aUNUANIap OuiaH OOFIaHTaH XoJaa (TIUKOIUIHIIAP)
Oynmagu. VYmap Xyxkaiipa MeMOpaHACHHUHT CHPTHJA, TJIWKOKAIHKC JAe0
aTamyBud, HaJ MeMmOpaHaluM KaBaT XOCWJ Kuiaauiap. [ JHMKOKalIHKC,
Xyxalpanapapo y3apo MyHocabaTlapHU amajra OIIUpaaH, XyKalpaHu
OMOJIOTUK XUMOSI MEXaHU3MJIapuaa UIITHPOK 3Tajau, MeMmOpaHajap/ia OKCHII
MOJIEKYJIaJJapUHU CTAOUJUTMTUHU TabMUHIIANIH.

I[nazmanemmannur gynkuusacu. [1nazmManeMManuHr QyHKIMICH, YHUHT
XyX)aipa HUTOIIa3MacH Ba Xy)KallpaJaH TallKapuJard MyXUT 4Yerapacujaru
YKOMITaIuII Xonatu OusiaH Oenruianau:

- Bapsepnuk Basudacu, 1uTOIIIa3Ma OwiaH XykailpaHu Vpa® Typrax
MYXUTHH MEXaHUK aKpaTUO TypHILIH;

- Tpancnoptnuk  Bazudacu, Moamanap, Oynakyamap  (TaHJIOBYH,
OOLIKAapyBYM, IMACCHB Ba aKTHB TPAHCIIOPT) HMU TalULI, XyKaipa Ounan atpod
MYXUT OpacHuard OOFIUKINKHY TaAbMUHIANAMN;

- BomikapyBumnmk Bazudacu, MyailsiH xykalipaHu OolIKa XyKaipajgapHH
Ba XyXKailpajapapo MojJajlapHd TaHWUO OJIUILM OuiaH OelruiaHaau; OyJapHU
amMajira OIIMIIKJA, IUIa3MaJeMMaHUd CHUPTHA OKOWJIamrad  crhenuduk
penenTopiap (CUrHAJUIM MOJIEKYJIajlapra, MacajlaH FrOPMOHJIAp Ba X.K), UIUTHPOK
TaauIIap.

Tupuk Xyx)xapanapHu razMaJeMMallapiHu aJI0Xuaa QYHKIUSIIApUHH Xap
TOMOHJIaMa Ba YyKyp YpraHulll y4yH, aHbaHaBUH TAJKUKOT YCYyJJIapH €Tapiu
oynManu.

[Tnazmanemmanapan GyHKIUSIIADUHU YYKYp YpraHUIIHM KaHJad amanra
omnpuil MymkuH? [lencunsBanu (AKIL) ynuBepcuteTn onumiiapu Oy caBodira
OupuHUmIapaaH Oynub xkaBoO Oepaojauiap. yjlapra JacTaBBall KyJa cojjia

CYHBUH XyXKanpa spaTauiap.
3.11-pacm. Ooamoaeu (vanda) éa nomurecyeHm (Mapkazoa 6a yHeoa) MUKpOCKONLap

G
——
époamuoa sHe co0oa cyHvull xyxcauparapuu Kypunuwu. llxana yzyunueu, 10 mxm ea mene.

JuieMeHTap OMOJIOTMK MeMOpaHa XxakKuaa TywmyH4a. [lmazmanemma
(xykaiipa MeMmOpaHacu) Tra VYXIIaraH CTPYKTypaJapHU XyXailpaga KeHT




TapKAITAHJINTH, YIapHU TY3WIHIIUHU YHHUBEPCAUTUTH, “DJIIEMEHTap OMOJIOTHK
MeMOpaHa” TYIIYHYaCHHH (paHra KUPUTHUIITA acoc OYIIH.

Onementap OuoNOruk MeMmOpaHara acoc 0Ynu0, TUMUIAPHU WIKU MOJEKYJIISp
KaBaTu (JUOUAHUNA OWCTION) Ba yJapHH Xap HMKKA TOMOHHM XamJa HYuia
JKOMJIAIITaH OKCWUIAp XW3MaT Kuiguwiap. XyKaupaHu CTPYKTypa KHCMH,
MeMOpaHayii Ba MeMOpacu OyimaraH opraHowajapra (OpraHeiiajgapra)
oymuaaau. Opranouuiap ne0, XyKalpaHun MabiyM Ty3WIHINTa 3ra OyiraH Ba
cnenuduk QyHKIUSIHU Oa)xkapyBud, TOMMHUN KUcMuUTa aiTwiaad. MemOpaHanu
opraHouajiap TapkuOua, OMOJIOTMK MeMOpaHaiap UIITUPOK dTaauiap.
Xyxaiipa (ra3Matuk) MemOpaHajapu, XyxKadWpa sApOCH, HHAOIIA3MATHK
TapMOK, TJIACTHHKAacMMOH Komiutekc (I'oipmku ammapartv), METOXOHApUSIIAP,
au3ocoMaliap, nepokcomaap, XJIOpoIiacTiap, MUKPOBOPCHHKAIAP
MeMOpaHaIi OpraHOUIapra KHpaIuiap.

MukpoBopcuHKaIap

IIma3maTtuk

T'osxu annaparu
MeMOpaHa

ITuTockener

CWITHK SHAOIIA3MATHK TYP entpuonanap
JIn3zocomamnap
Anpo xoburu Pubocomanap
Snpoua l MurtoxoHapus
Snpo
IMuTormiazma

HoHanop sHAOMIA3MaTUK
TP

3.12-pacm. Tupux xyscatipanu membpananu 6a MemMopaHacu3 opeaHoudLapu
Membpancuz opeanouonap, y3unu waxcuti ypab mypaouean memoOpanacuea 32a
oyrimazan opearouonap oynuo, yaapea pubocomanap, Muxpompyobkanap,
MUKpoguiamenmiap (Yumockeiemiap) 2a yxulazau opeanouonap Kupaouiap.

3.4.buoJIoriK MeMOpaHaJIap HAHOTEXHOJIOTHSI/Ia Ba yJIap acocuaa
HAHOCTPYKTYPAJIAPHU KOHCTPYKIMSA KUJIMIIL.

OneMeHTap OUOJOTUK MeMOpaHajJapHU JIMMWIIA OUCTONIapUHU HOEO
xoccanapu, OMOTEXHOJIOTHS, THOOMET Ba caHOAT MIIIA0-YUKAPUIIIHUHT Xap XU
coxanapuaa (paonusT Kypcara€TraH oJIMMIIApP Ba MH)XEHEP-KOHCTPYKTOpPJIAPHU
JTUKKAT->bTUOOPUHHU Y3UTra TOPTIaH.

Tupuk cucremMasapHm MaHa Iy HAHOCTPYKTYPAJIApPUAAH CYHbHIl
HAHOCTPYKTypaJjap sipatumjaa d¢oigananca Oyaagumu? TagkukoTauiap,




Oouciolgaru JHUNUJ MOJEKYJAJIapUHU OPUEHTALUSCUIa IBTUOOp KWIIUIAp.
VYnap, wmWyHgad KOWJIAIUTAHJIAPKH, YJAPHUHI MOJIEKYJIAJIADUHMU  HOIIOJSP
(rumpoo6) mymmapu, JUOUA KaBaTHU WYWra, SIbHU OOIIKA KaBaTHH
JUNHUIJIApUHU  AyMiapura Kapad koinamrannap. Jlumug MosexkynanapuHu
noJisip (Tumpodrur) Gonryanapu 3ca TamKapura Kapariras.

buciaoiinn (MKKM KaBaTHHM) parMeHT/IapH, CyBAa Y31apUHH KaHIal
Tyraauiaap? Onumiap, Oucioil (QparMeHTIapUHU CyBra COJUIINO, KUYHK
OyMajok mygakuyanap Xocwi OynaraHuHu Kysatrannap. Ilydaxuanapau nesopu,
JUNUIApHU OMCHIAaTUIaH TalKWI TonraH OYynm0, yiaapHu nossip Oolrdaiapu
OMp TOMOHJIaH CYBIM MYXWUT OWJIaH, UKKMHYM TOMOHJAH 3ca, My(aKuyaHu UYKU
OY1ITUFU OWJIaH YerapasaliraH.

CyBnu MyXuT

JInnmua katinaMu

JIunmacoma

Munemna

3.13-pacm. Cysnu myxumoa, munuonu 6UCIOUOAH TUNOCOMAHU UAKIAHUULU.
Jlesopu nunuonapoan - 4-mysunean 6yHoai Oymanox nygaxdaniap, iunocomaiap
(epexua-éznu sHcucm) 0ed HOMAAHEAH.

Munemnanap — IUOUAJIApAaH TAlIKWI TONTaH Maiiia mapukyaiap 0Yiuo,
ylap  JIMIOCOMaNapfaH, WKKA  CTPYKTypald  Y3UTa-XOCIHK  OujaH
dbapkiianaauiap:

1 — ynap nuku Oy1IIIMKKa 3ra smaciap (CyBJIM UIUIIYACH UYK);
2 — TalllK CYBJIM MYXUTJIaH, HAHOCOMaJIap (Mullesianap) Oup KaBaTiu
JIUTIAJITA €BOP OMJIaH a’KpaTUJITaH.

JIunmocoManapH¥ MIAKJUIAHUII [APOUTIAPUHM Y3rapTUPHUO, OIUMIIap, YHU
nyura nopuBop moananap, JHK Oynakdamapu Ba Oomika Mojganap KUPUTHII
WYJUIApUHHU TOIITaHIap.

JlumocomajiapHu Ba mjia3MajeMMAJIaAPHU JIEBOPJIAPUHU CTPYKTYpPaBUMA
yXmanumrura 3Tuoop 6epuld, onumiap, yJapHU y3apo TabCUPIAPUHH MaXCyC
Taxpubanapna ypraHumHu Y3mapura Basuba kwmb KyhWmwiap. Hartmxkana,




aunocoManap, HadakaT XalBOHJAp Y4YYH TOKCHUK  XyCycHsITra 3ra
OMACIMKIAPUHK, OaJKu, yiap XyXadhpa MemOpaHanmapu OwWwiIaH KyIIWJIUII
XYCYCHUSTUTA 3Ta SKAHJIUTMHU HAMOMMIL KWJITaHIap.

Jlumocomanan amanuétaa (QoimamaHUIl Y4YyH KH3UKapiId >KapaéH
KylHuaara TaaKUKoTiapaa Kysatwirad: Jlumocomanu Xyskaiipa memOpaHacH
OwiaH KYIIMJIWMII *Xapa€HUAa, JIMIIOCOMaHW WYUAArd MOJJanap, Xy’KalpaHu
HUTOIUIa3Macura yTraHjauru Ky3atwiarad. Jlemak, JaumocoMa, HHILOH-
XyKallpaHu W4yura JOpPUBOP MOJAJAANIa €KW YHH WYUTa KOWIAIITHUPUITAH T€HHU
eTKa3UII XyCYCUSITUIa 3ra sKaH. JlumocomManu Oy XycycusiTu, OyryHTH KyHJAa
THOOMET Ba T'eH-UHXKEHEPHUSCU aMalMETUIaH YpUH OJraH. AMMO, OJIMMIIApHU
JIMIIAJT MOJIEKYJIAJIADUHU, CYBIM MYXUTIAa HAMOEH KWJIAJUTaH XyCyCHUATIapura
KailtaMu3. MabiayMm IIapoWTaa, JUNHUAJIAP, JIMIOCOMANApJaH TAalIKapH, SHA
OOlIKa TUIJArd JUNWAJIM HAaHOCTPYKTypaidap — HaHocoMmanap (Mulesiaiap)
HIAKJUTAHTUPHUII XYCYCHSTUTA XaM rajap.

3.14-pacm. Jlunocoma (ynune 6up Kucmu Apum wap KypuHumuod, pacmuu
IOKOpU KUCMUOA AKC SMMUPUN2AH) XyHcatupa memopanacu ouian (nacmoazu,
SAANOK CMPYKMYPa) KVUWUTUUL HCAPAEHUOA.

Onumnap V3IapUHUHT KEWNWHTU TaIKUKOTIApUIA, JIAITUUIA
MeMmOpaHanap, Oolllka XyKailpa HAHOCTPYKTypajdapu — MHUKpOTpyOKaapaaH
bapxiu yaapok, MycOaT 3apsiJIaHTaHIUTUHU aHUKIaawiap. Mukporpyokanap —
nuametrpu 24-25 HM ra TeHr OyiaraH, WYKW OYml MWJIMHIApIApAup. YIap,
TII00YJISIp OKCHIT — TYOYJIMH/IaH IIaKJIaHrad 6yiau0, MmaHuil 3apsiaHraniap.

Jlunmuaau meMOpaHajap Ba MUKPOTpPyOOUKaiap, y3apo MmyHocadarTra
KHpPrasjiapujaa, y3jiapuHu Kanaail tyragwiaap? by caBonra xaBoO Oepuinn
y4yH, OJuMJap, Karop Taxpubamap yTkasrawmap. Taxpubamappan Oupuia,
MabJIyM LIApOUTIApAa, Y3-Y3ugaH WHFWIMII Wynu OuiiaH, OKCHII-TUIUAIU
HAaHOTpyOKajap  WIAK/UIAHTAHJIUTM  aHUKJIaHraH. TyOyiauH  OKCHJIMIaH




Tall€piaHran MUKpoTpyOkaua, HaHOTpyOKaHW V3armHu makimantupaau (80-
pacM) Ba y JIMIUTH GHUCIION GHIaH KOIIaHa M. Y3 HaB6aTHaa 6y KOHCTPYKIIHS
CUPTUAAH TYOYJIMH OKCWIMAAH MIAKIUTAHTaH XalKajap €Ku crnupaiap OusaH
KOIUJIaHAIH.

HaHOOMOTEXHOMOTUSHUHT  3HT MyXMM  IOTyKJIapujaH Oupu —
OOIIKAPWIYBYAH, OKCHJI — JIMIU/JIA HAHOTPYOKaJap sipaTUIMINM OYJiau.
MeMOpaHamapHd Ba MHKPOTPYOKalmapHW JUNUUTH OWUCITOWHHHM  DJIEKTPUK
3apsSIMHA Y3rapTUpuO, HAHOKOHCTPYKTYpayap, OUMK €KkM €MUK HaHOTpyOKaap
spaTuiira spuiauiap. by asca, HaHoTpyOkara MojaJla KUPUTUII €KU YHIAH
MOJJIaJIapHU YMKApUO OJIMITHU OOLIKAPUIIT UMKOHUHU SIPAT/IU.

IIHI\IE*

3.15-pacm. Jlunuo-oxcuniu nanompybranapuu cxemacu

X03Upru BakTla, HAHOTPyOKajJapu MUKM OYIUIMFUTA JOPUBOP MO aIap
€Kkl TeH KHUpUTUO, yJIapHU OpPraHU3MHHM KEpakiu KUCMHra eTkazubd Oepa
OJIaINTaH  KOHCTPYKUMSUIAPUHHU  SIpaTUIl  YCTHAA  TaAKUKOTJIAp  OJUO
OOpUIMOKIA.

Jlunocomanapra yxmab, OOIIKapyBYaH OKCUJI-IMIHUIIM HaHOTpyOKaap,
KEepakJid MOJJIaJapHHU IJIa3MAaTUK MeMOpaHajap OpKalu, TUPHUK XyXKahupaHu
aHUK Oup ydyacTKacura eTka3ud Oepulll IMKOHUHHU sIpaTajy.

Mapkasaa — O4dK yWId HaHOTPYOKa; Yanaa-JIunuaiy KajanokJyaiap Ouiian
€nwiraH HaHOTpyOKajap; YHI/Aa-HAHOTPYOKAHM TOPH3OHTA MPOEKIUSCH Ba
VHUHT HupukiIamTupuirad (parmentd. HwucOaran, okcuin Ba Jaunuaiap
MUKJIOPUHHU HA30paT KUJIUII OPKaIM, HAHOTPYOKaJapHU XOJIATUHU Y3rap TUPHUII
MYMKHUH: €KM OYHUK YWId, €KM JIMIUUIA KalloKyanap OwiaH yuu ENMIra
HAaHOTPyOKaJIap OJIMII MyMKHH.'

buoaoruk MeMOpaHasap. buonorux MeMOpaHalapHu
HAHOKOHCTPYKLMsJIAp/ia MIUIATIIIMIINHE XWIMa-XWIUIMTH Ba Oy coxazna oyud
Oopuiagurad MIUIAPHU KEHralud KEeTHINM, TaJKUKOTUWIap OJIAUra SHrH Ba
sHasa Mypakkab Bazudamap xyiau. lllynnait Bazudanapgan oupu — 6M0TOTHK

7 [Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing Pte. Ltd.»,
2009. 46-75p.].




MeMOpaHa/Jlap HAHONEYATHM aMajra omupumaa épaaM KypcaTHI
MYMKMHMH? — JeraH caBojira xaBoO Tommm Oyimau. by caBonra xaBoO
tonuira OupuHumiapgan OymuO, AKILI Ba ['epmaHusSHUHT — XankKapo
KOJUICKTUBU KUPHIIIWIAp Ba YyJIap HAHOMEYaTHU €KW HAHOJUTOTpadUsIHH
OpUTMHAJI METOJIMHHU SpATIUIIAP.

Hanonewar wmetonmpa, Xyxkaillpa MeMmMOpaHajmapura KaHaail Ko
aXpaTuiaran?
Jlunnnap, Xy au XyKaipa MeMOpaHaJlapuHu TY3WINIINA]IA
KaTHaITaHIapuaek, “‘cuéx”’ BasudbacuHu Oaxkapamuinap. Kpemuwuitnan ¢&xu
HIMIIaJaH sICalIraH IJIAaCTUHKAIapra CypTHIL YYyH TaAKUKOTUYHIAP, aTOM-KYWIH
MUKpPOCKOIaH (Qoiinananraniap. ByHUHr y4dyH anoxujia TaJKUKOT IIapOUTH
TaHJaHTaH. MyXUTHU HAaMJIMTHMHU Ba HAaHOOOpa3HU KypHUII TE3JUTMHU Ha3opaT
KWINO, TAAKUKOTYMIIAP, MAbIyM KeTMa-KEeTIMKra puosi KWJraH XoJjaa, Oup Heva
KaBaT  JUMOUJUIApHU  4YyKThprawmap. Jlunumpgmap, cyOctpar — cupTuaa
YYKTUpUIITAHIapUaa, JTUIUIN OUCIIOWIap XoCcuil Kuirannap. Jlunuanapuu Oy
MKKM  KaBaTUJArd MOJIEKyJajdapapo y3apo TabCUPHU  KauTaprasiap.
Jlunuiapaan HaHOOOpa3nap, Xap Xwi Marepuamiapaa (KpeMHHM, MOIUCTUPOI
Ba X.K) [€YaTh KUJIUHTaH.

3apypudar Oyiranujaa, HaHoNe4YaTh METOAU EpaamMujia, Karta MUKIOPAA,
XyKaiipa MeMOpaHaJapuHu OJUII XaM MyMKHUH. TaaKUKOTYHIIApHU (PUKpIapura
Kypa, HaHONEeuaTh METOAM, XyXKailpa MeMmOpaHalapuHU KaHAal HaoausT
KypcaTa€TraHJUTMHU TYITYHUIITHU OCOHJIAIITHPUIN, XaTTO OyHAal TyIIyHYaHH
AKAHJIAIITAPUII XaM MYMKUH. DByHHHr acocuja, UIIYHHHTIEK, JOPUBOP
MOJJIaJIapHU TYFPUAA-TYFPU OpPraHM3M XysKaipacura eTkazu0 OepHIIHMU SHTH
yCYIUIAPUHU APATHII XaM MyMKHH.

Ha3zopar caBoJiap:

1. Tupuk cuctemMaHu HaIMOJEKyJsip (CyOxyxkailpanu) napaxaja
TY3WIUIINHA CTPYKTYpa-(PyHKIIMOHAT OMpaury OYnr0 HUMa XU3MaT Kuiiaam?

2. ITlnazmanemMMaHu KaHIai KUMEBUN MOIaIap XOCHIT KHTaan?

3. TlnasmanemMMmanapHu TY3WIHIIWHU Y3UTa XOCIUTH HUMaia?

4. MemOpaHanu OKCHIJIApHU TUILUIAPUHU allTHO OEepuHT.

5. IlnazmanemMmanu mnepudepux Ba MHTETpald OKCHUIUIApU, HUMa OuJiaH
dapknanagmiap?

6. VYraesommap, muazmManemMMajia Kanaam xomanraauiap?

7. T'mukokanukc HUMA?

8. IlnazmanmemMma Kanmai QpyHKIUsIapHU Oaxkapaaun?

9. IleHcunbBaHM YHWUBEPCUTETH OJIMMIIAPH, KaHJaW MoOJaajgap/aH dSHT
COJIJIa CYHBUU XyKailpa sicagunap?

10. Onumnap, CyHbUM Xykalpanapaa KaHaai XoaucalapHu Ky3aTauiap?

11. DnemenTap OuoJOTUK MeMOpaHa KaHJal Ty3uJiraH?

12. XyxalipanapHu mMeMOpaHalid Ba MEMOpaHAcH3 OpraHoujjIapu HUMa
ownan dapkianaauiap?

8 [Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing Pte. Ltd.»,
2009. 29-31 p.].




13. Kanpmaii xyxaiipa opraHouuiapu, MeMOpaHacu3 OpraHouIapra
Kupaaunap?

14. Xyxaiipanu MmeMOpaHaiu OPTaHOUAJIAPHU KEITHUPUHT?

15. Opranounmnapaan Kaiicunapu, ¢hakat: a) YCUMIIMK XyKalpanapuaa; 0)
XalBOH Xy>Kalipanapuia yapaauip?

16. JlumocomayiapHu TY3WIMIIMHN Y3UTa XOCIUTHHH TYIIUHTHPHO
OepuHr?

17. JIunua Mosiekynnanapuy, Oucoiaa Kanaam xonnamaaunap?

18. JlumocomanapHu Kaiich XOcCcajapH, ylapJaH THUPUK XyKaipara
MoaIanap roopuI Makcaauaa (GoiganaHuIn MMKOHUHY O6epaan?

19. Oxcun-nmunuiu HaHOTpyOKanap KaHjaau Ty3uiaraniap?

20. Kanpgait kunu0, o4MK Ba €MUK HAHOTPyOKaIap sSspaTUIl MyMKHUH?

DoigaJaHWITaH aa0uéTaap:
1. Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.:
«Pan Standford Publishing Pte. Ltd.», 2009. 363 p.
2. C.M. Niemeyer., C.A. Mirkin. Nanobiotechnology: Concepts,
Applications and Perspectives. 2004 WILEY-VCH Verlag GmbH & Co. CGaA,
Wienheim. 458 p.




IV. AMAJIU MAIIFYJIOTJIAP MATEPUAJLIAPU

1-amanuii MalIFyJioT.
Hano0MoTexXHO0JI0TrUA-0MO0JOTUSHUHT PUBOXKJIAHUIIUHYA STHIM 00CKUYH.

Nmpan wmaxkcan: DBUHONOTHAHMHT  pUBOMKIIAHMII —THU3UMHJIA THUPHUK
CUCTeMAJIADHUHT TY3WIHMII OOCKuwiIapu OyiMYa acocuil KYHUKMaJapHH
Takpopianl. EpyFiuMK Ba 5IeKTPOH MHKPOCKOIJAH HAHOOUMOTEXHOJIOTHUsAAA
doiinamaHuIl KyHUKMaTapura sra Oy IuiiL.

Macananuar  Kyuwiaumu:  TuHDIIOBYM — amanui  MalnryJioTAa
KEeNTUPWIITaH BasudanapHu Oa)kapHIlly, TaXJIWJI KWWK Ba HATHKa OJIMIIU
JIO3UM.

Ny 6akapuin ydyH HaMyHa:
1-azudpa. “Tupuk cucreManmapHu Ty3WIHII OOCKUUYIApu’~ >KaJBaJMHU
TYJAUPUHL.

Ty3unumi BockuyuuHar [y 6ockuua
OocKuuIapu CTpPYKTypa XaETHUHT aCOCHUI
byHKIIMOHAT aTpuoOyTIapu
OUpIUrH (KypUHUIIIN)

2-Bazuda. TacBupu KenTUpUITaH OUOJIOTUK CTPYKTYpa ( a - pacM) TUPUK
CUCTEMaHU TY3WIHIIMHUA Kaiich Japaxacura (OOCKHYMTa) TYFpU Kenaau?
PacMHM pgadTapyHTU3ra 4YM3MHT Ba YHHM Tarura y3WHIU3 OWJITaH3JIEMEHTIapHU
1-10 pakamnapu Ousian Oenruinad KeITUPUHT.

Wil

o)

]

3-Bazuda. Ctpykrypa (PyHKIMOHAT OUPIUTH O-pacMia KeITHPHUITaH,
TUPUK CHUCTEMaHUHI TY3WIMII OOCKMYMHU TaBcu(iaad OepuHr. YHU KaHAail
KUMEBUIN OMpUKMAaap XOCHI KHJIaau?

4-pazuda. B- pacmaa KenTUpPWIraH TacBUp THUPUK CHCTeMaiap
TY3WINIIUHYU Kalic OOCKUYMra TYrpu Kenaau?

S—-Bazuda. Tupuk cucTeMajapHu TY3WJIUIIMHU XyKailpa Ba OpraHu3M
OockUwIapuHU TakkociaaHr? by Oockuwiap yuyyH Xa€THU Kallcu KYpUHUIIH
xapaktrepnu? By Oockuwiapra THPUK CHUCTEMaHU CTPYKTypa — (PyHKLIHOHAI




OOCKMYM UEPAPXUSCUHUHT aCOCHUM KOMIApUHU KUPUTUII MyYMKHUHMU? XyXailpa
Ba OpraHu3M JapaXalapuHH YXIIanuiMK Ba  (apKid  TOMOHJIAPUHU
TYIIUHTHUPUHT?

6-Ba3uda. XaCtHu MoOIeKylIsAp Ba CyOXyxkailpanu AapaxalapyuHH
yXmamiauKk Ba (apkiau TOMOHJApUHU KypcaTuHT? Monekynsap napakaHu
acocuit Mosekynanapu Humamap? VYmap cyOxyxkadpaau —CTpyKTypajiap
Tapkubura kupa onaaumu? CyOxyxkaiipa OOCKMYM HHMa, y HUMa Y4yH
“agmonexynsap” ned xam aramaau? Kanmgalh moamamapHu MoJIEKyJIallapu
XyXalpaHu HaIMOJIEKYJISIp CTpYKTypajapu (HaJAKOMIUIEKCIIAp) XOCHI Kuiaau?
VYnapnan kadicunapuHu OUOJOTMK MeMOpaHanap TapKuOMaa KYpuIll MyMKHH?
Kannmait mopnanmap aToM-MOJEKYJIsp KOMIUIEKCIAp TapKUOWra KUpHIILIApH
MYMKHH?

7-Bazuda. Kypum épyrnuk auamnazonu 200-350 HM ra TeHr Oynranna
EPYFIMK MHUKPOCKOIIMHUHI MAaKCUMaJl CE3THPJIMK Japakach HUMara TEHT?
YapTpabunadima Hypiapunan —(QoiinanaHrasga  EpyFiIMK  MHKPOCKOIHWHU
Hazapuil KYpuIl UMKOHUATIAPUHU XUCOOIa0 YMKUHT?

8—Basuda. Epyrauk MUKpocKOmM KY3HH KYpUII MMKOHUATUHE TaXMUHAH
1000 wmapra ommumpanu. by MukpockonmHu —“‘Qoimanu”  KynaWTUPHILN
XUcoONaHaM Ba YHAAH OalaHApPOK KYMauTUpUIl 3apypusiTd OyiraHja,
TaCBUPHU KOHTYpJAapu KyTapuiagd, amMMo Oy KYNaWTUpUII TacBUp HYMIA
JKOMIalrad Mailapok JeTalnapHu KYpull MMKOHMHU OepMmaiimu. Epyrmuxan
KypuHaauran oobnactugaH  doinanaHuwiranaa, EpyrIMK  MHKPOCKOMHIA
kartanurd 0,2 MKM J1aH KHYUK OYIraH OynakdajgapHU XaMm KYpHUII UMKOHHU OOp.
Mana myHra kanpail spummin MyMkuH? byHna kanpmait camapa (3¢ @dexr)
uiatunagu? EpyFiuk MUKpOCKONMHK OyHiail TN KaHail aTanau?

9-Ba3uda. A- pacmaa, X — OKCHIJI KOMIUIEKCUHU TY3WJIHII MOJICNI Ba YHU
aTOM-KY4WIM MHKPOCKOM €pAamMuja OJMHTaH TaCBUPHU Kypcatuirad (06-pacm), a-
pacMaa HuUMa KypcatuiaraH? A- pacMaa KEJITHUPWITaH pakaMJIapHU HUMA
HKAHJIUTUHU €3M0 YMKUHT. X HU Y4yJT4amiid MOJENU EpYFIUK YTKa3yBUM Ba
CKaHHUp KUITYBYM 3JIEKTPOH MHUKPOCKOIIAa OJIMHIaH MUKpodoTorpadus acocuaa
OJIMHTaH. ATOM-KY4YJIM MUKPOCKONUSI X HU TY3WJIUIIM Ba (HAONUAT KYpcaTHILN
XaKuaa Kanjaad mabiaymotiap Oepa onaau? X HU Xyxadpagaru poau Huma? X
HU (paos MUKAOpHU XyKalipaH! TUPUK XaETH JaBOUMHIA TOUMUIMU?

10-Ba3uda. Ycummuk XyxkaifpasapuHn  (IIyOpeceHT MHKPOCKOIIIA
KapairaHjaa, XyXalpaHu WYHAard THUM-KYK GoHIAa EPKUH KU3WI HYKTa
kypuHaau. by crpykrypanap Humanap? YneTpabunadiia Hypiapaa Kaicu
OpraHukK OupukMayniap Ku3uia panr Oepu0® kypuHamau? I[llynra yxmaiauraxn
OWpUKMaTapHU XalBOH XyKaipanmapuaa ydpaWJuraniapura xXam MHUCOII
KEJITUPUHT?

11-Ba3uda. Kynnad neHru3 ymypTKacusiapu KUMEBUU >KapaéHIapHH
OHEPrUACUHM HIIATHO, ynbTpaOuHadiia Hypjapu E€KM Ky3ra KypuHaIura
EpYFIUK TabCcupuaa ¥3-y3uaan Epyriauk oepaau. bynnait épyFauKHUHT acocuia
XWIMa-Xuj opranuk Oupukmanap €raau. lynmail Oupukmanapaan Oupu —
MabJIyM aBliora MaHCy0 Oynran wmeays3ajnapaa ydpalaudraH - S
¢nyopecuentan oxcun (GFP). Epyrnuk 0TI Ba YMKApUII Y4YyH, OKCHII
MOJIEKYJJaCHHUHT Maxcyc Oup Kucmu Oynaran xpomodop xKaBoO Oepaaw.




VYaprpabunadina Hypiapuga Oy OKCHI, XaBOpAHT- SIIWJI paHTr Oepaau. Arap
GFP renunm, kangaiaup Oomka reHHU “gymura’ “TUKUO” Kyhuica, MaHa Iy
reHaad aymuaa - “GoHapya” TyTraH OKCHJI CHHTE3 OYyiaau, Ba MaHa NIy TeH
daomnamran OyTyH XyXaiipa (SbHU MyailslH OKCUJIHH CHHTE3HM HIITa TYIITaH
oynca) smmn panr O0epu® typaguran Oynamu. lllynpmail kunuO, KUpUTHITAH
TeHHUHI KaepJa Ba KaHJall HMHTEHCUBIMKIA WIUIAETTAaHIMTHHE Ky3aTHII
MYMKUH OYmanu. Smmn panrnu QpayopecueHT oKcuil, KyIuial Enuk skapaéHuap
Ba CTpPYKTypaJapHM Ky3aTHII HMMKOHMHM Oepamu. MacanaH, HeHpoOHJIapHU
YCUIIM Ba yJapHU AJOKAJIAPUHU XapaKTepH, XamJia J1abopaTtopusi XalBOHJIApH
OpraHu3MHJIa paK XyKalpadapuHU TapKAIMIIUHU Ky3aTUIl MYMKHUH OVIIu.
2008 #unga Ocamy Cumomypa, Mapun Yandu Ba Pamxep Lsabnap (ssmonwus
OJIUMJIAPH ) SIIUI (HITyOPECIEHT OKCUIIHU OUTaHJIMKIIApY Ba YHIAH (o aanaHui
METOJMKACUHU HIUTa0-yuKKawiukiapu yuyH HoGen mykodatura ca3zoBop
oynaunap.

Anabuér MabiayMoTiapuiaH —(QorganaHu®, KyWHaara MaB3yJIapHU
OMpuUIaH KHUCKaya MablyMOT Tal€piaHr.

1) “Smmn payopecueHT OKCHII: OUHIIALI TapUXU~

2) “GFP- yxmaran okcusuiap: OMONIOTHsIIa NIIATHIIAIIT UIMKOHUATIApU

3) “GFP pa xaiiBoH oopraHusmiapuaa (QIyopecleHT HHUIIOH cudaTuaa
(doiialaHUIIHU yCTYBOP TOMOHU Ba KAMYMJIMKIIApU

12 — Ba3uga. Okopuna kenTupuwiIraH MabiIyMOTIap acocuia, XO3UPTH
3aMOHJIa HAHOOMOTEXHOJIOTUSIHU  PUBOXKJIAHTUPHUIN  OOCKUUJIApH  XaKUja
V3UHTU3HU OaxXOWMHTU3HU WNUIA0 4YUKUHT. CU3HUHT HYKTaud Ha3apUHTHU3aH
HAHOOMOTEXHOJOTUSIHUHT  Bazudanapu pyuxatuHu €30 YUKUHT Ba V3
(UKPUHTU3HA XUMOST KUJTUHT .

13 — Basuda. HanoOynakuanap sipaTHIll TEXHOJOTHUSICHAA MOJanapra
UIUIOB OCPUIITHUHT UKKH, OUp-Oupuian TyOaaH dhapk KujJaJaural MPUHIUATLIAPH
oop: bupunuucu “nactaaH Tenara” s’ibHU KaTTapoK OOBEKTHH “‘IACT KaTopjaru”
ANIeMEHTNIapAaH (aroMjapliaH, MOJEKyJlalapaaH, OWOJIOTHK XyKailpalapHu
CTPYKTypa (pparMeHTIapuJaH Ba X.K.) UMFUII; UKKUHYUCH — “‘TenajaH nacrra’
SbHU, MEXaHUK €Ky OOIIKa Typaard TacBupiap Epaamuaa (U3HK >KUHCHU
HAHOMETpTa TEeHT OyiraH yimuamrada KHUMKIamTupuil. CU3HUHT GUKPUHTH3YA,
MaHa [Iy TPUHIWIUIAPDHU Kaiicu OupuHM TabwaT THPUK XyXKaipajapaa
HAHOCTPYKTypaJlap IIaKJUIaHTHUpaéTraHga acocuil (yCTyBOp) MPUHIIMITH
cuparuga kaOyn kwiaran? Hwuma yuyn Cu3 Ttannaran €upomuin ¢GhaosusT
KypcaT® KeyaéTraH THPUK CHCTEMaliapia acOCUd JKaHJIUTHH TYIIYHTUPHO
Ooepunr. Huma yuyn Tabuat dakar OupruHa EHAOMMUIN OWJIAH YerapajiaHuo
Koiamarad? Xap WKKajna EHJOMMINTHU XyXahpaHu Xaét Qaomuarugaru
HAaHOCTPYKTypaJlap  IMIAKUIANTUPHUIL  OWwiaH OOFIMK  OYaraH  pOJIMHH
TYymIyHTUpUO OepuHr. Xap Oup EHIOMMUITHU XyKaiipa (GaoqusTUIArd POJU Ba
YypHura 6yarad MyHOCaOaATUHTU3HU OWIIUPHHT.

Ha3zopar caBoJsiapu:




1. Huma y4yH THUpPUK CHCTEMaHU MOJEKYJsIp OOCKMYM (J1apa’kacu)
HAHOCTPYKTypajap OMIaH MaHUMYJSIUS KAIUIIIA acOCuil Xucobmanaau?

2. CyOxyxanipa Ba  Xyxkalpa  OoCKWWwIapu KaHmai  KWiuo,
HaHOMEXaHU3MJIap SpaTUIl Ba yJiapJaH ¢oiJamaHuIa MOAETs OYIr0 Xu3mar
Kutaau?

3. Tupuk cuctemaHu TYKMMa, OpPraH  Ba OpraHuU3M Japa)kallapyuHH
(6ockmunapunm) TaBcudrad 6epuHr?

4, Typ xocui Oy )kapaéHu Kalicu 00CKUYa aMalira omraan?

5. Tupuk cucTeMaHW MOMYJSLHUOH, Typ Ba OHOICHOTHUK JapakalapuHu
(60CKMYMHHN) TYIIUHTUPUO OepUHT?

6. XyXailpaHu YpraHouiiHd YHA WYKH TY3WIHIIA Ba CUPTUHU TAJIKHUK
KWIMIITHU KaHjai metoainapu 0op?

7. EpyFiuk Ba 51€KTpOH MUKPOCKOIIIAPHHU KYPHII UMKOHUATIAPH KaHail?

8. EpyFiiik MUKpPOCKOIMHHM 3aMOHABUI1 MapKaJlapUHH TyIIMHTUPUO GepuHr?

9. Tupuk XykalipaHu YpraHuill y4yH KaHJal METO UILTaTUIaan?

10. KBaHT HyKTallapuHu oOpraHuk Quyopoxpomiapra HucoOaTtaH
YCTYBOPJIUTA HUMaAa?

Tascust ITHIIAAMTaH agaduéTIAp:

1. Ehud Gazit. Plenty of room for biology at the bottom: an introduction to
Bionanotechnology. London: «Imperial College Press», 2007. 181 p.

2. Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.:
«Pan Standford Publishing Pte. Ltd.», 2009. 363 p.

3.C.M. Niemeyer., C.A. Mirkin. Nanobiotechnology: Concepts,
Applications and Perspectives. 2004 WILEY-VCH Verlag GmbH & Co.
CGaA, Wienheim. 458 p.

4. Yubing Xie. The nanobiotechnology handbook. 2013 by Taylor & Francis
Group LLC, USA. 649 p.

5. K. aBpanos., b. Anmukynos. Hanoonorexnomorus. TomkenT, 2015. 312 6




2-aMaJInid MaIIFyJoT:
JHK MoJ1eKy/JJaCHHUHT CTPYKTYPacH Ba X0CCAJIapHu acocuaa
HAHOOMOTEXHOJIOTUSJIAP.

Nmpan wmakcax: JHK  monekymacMHUHT  HaHOOMOTEXHOJIOTHK
Taxkpubanapaa Kyutam — Oylnya acocuii  KYHUKMajJapHH  TaKpopJarll.
HanoctpykTypanapHu KOHCTPYKIHS KWL KYHUKMadapura sra Oy Iuml.

MacajiaHUHT Ky AMJIA LN Tunrnosuu aMaJium MalIFyJIoTAa
KEJNTUPWITraH BasudanapHu OakapullM, TaxJWJd KWIMIIM Ba HATHXKA OJUIIH
JIO3UM.

NinHun 6a:kapuin y4yyH HaMyHa:

1- Bazuda. Kentupuiran cxemanu nadrapuHrusra 4u3u0 YUKUHT:

1) Kyitnmaru pacM tarmra cxeMmaja akc STTHPWITaH jKapaéHHU HOMHHU
€310 YMKHHT;

2) Pacm cxemamarm Cwu3ra TaHWII OYiraH CTPYKTypaJlapHH O€NTHiiad
YUKHUHT (KUMEBUI OUpUKMaIap).
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Pacmoa axc smmupunean scapaénea mupux opeaHusmaapuu KaHoau gyHoamenmar
xoccanapu acocranaou?

2-Bazuda. Kyitmna kentupunran JJHK permmkanuscu (ayToperuimkarius)
OOCKUYJIapUHU amaJira OIIMPHUIIl TapTHOUTa Moc paBuliaa €3u0 unkuur: PHK —
3aTpaBkanu cuHTe3n; JIHK MomnekymacuHM Tapkanumiyd Ba YHM HKKH
NOJIMHYKJICOTH 3aHkupra axpanumy; Oka3zaku ¢GparMeHTIapuHU STCOHA
MOJIMHYKJICOTH ] 3aHKUPra TUKUINIIN;

3-Bazuda. [lactna keaTupuiaTaH pacMaa KaHaal MKKH KapaéH CXeMaTHK
paBuiga u30XJjIaHraH? Xap Oup jkapa€HHU OOCKUWIAPHHU €310 YMKUHT. Xap
UKKH >KapaéHHU OOCKUWIApUHHU Oup-OMpu OmilaH Takkocinad YMKHUHT. Xap Oup




XKapa€HHM OXHUPrH OOCKMYHMIA XOCWJ OYyIaauraH MoJeKyJanap Opacuaaru
npuHOunuan ¢gapkau Eputud OepuHr. PacMHM yanm TOMOHHMAA KENTUPHITaH
cxema acocuaa XX-acp/ia MOJICKYJISIp OMOJIOTHs1a KaH1all SHTUJINK SpaTUIran?
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4-pazuda. Mxku Ouonoruk xoaucanu takkocianr: JIHK vu y3-y3umpan
UKKWJIAHUIIM Ba TUOpUAM3alMiCcH. Xap HKKaja XoJuca acocuaa ETra
xkapaCHiapHu aHanu3 Kuiaub wukuHr. by skapaéunmapma JIHK monekymnacu
KaHmail xonaraa Oymamu? YTKaswira KuECHil aHANIM3 HATIDKalIapHuaH
doitnananu0, Kyinaa KeITUPUITaH KaaBaTHu TYIaupuHr? Cu3 Takkocjiarad Ba
aHaJIM3 KWJITaH UKKKW OMOJIOTHK XOJIMCAHUHT YXINAIUIUK Japa)kacura Y3WHTU3HU
0aXOMHTH3HU OCPUHT.

Kangsam: JJHK Hu ¥3-y3uaaH MKKWIAHMINA Ba THOPUIAU3ALUSACH
opacuJard yXmauuiuK Ba (papk.

JIHK xoisatu Ba JIHK xosatu Ba
xKapaCHIIapHU xapacHiapHu dpapku («-
yXxmanuura («+» Ouian | » OwiaH OenruiaHaIn)
OenruaHan)
JIHK Hm mactinaOkwm
X0JIATH.

Xoauca TyraraHjiad
kevinH JIHK Hu xonartu:

a) OMpUHYM X0JIaT

0) MKKUHYH XO0JIaT

bupunun xxapaén
(Y3rapwu)

NkkuHun xxapaéx
(Y3rapwui)

S5-Bazuda. HaHOCTpyKTypalapHH KOHCTPYKIUS KWJIHMII OOCKUUJIAPUHU
HOMUHHU, yJIapHU amalira OIIUPWIMIIN TapTuOM acocuaa KynuO uumkunr: JJHK
HU KpecTCUMOH (ha3oBuil cTpykTypacunu makiuiannimy; JJHK ¢parmentnapunu
“EnuIKOK ywlapuHM X KJehnad 4MKUI; HaHONaHXapa KyOCHUMOH CTpyKTypara
Kaipunmuimy; “€nuikok yunn” JTHK dparmentnapunu onumr; kpecrcumon JJTHK
TEKHC HaHOIaHXKapara TUKUO YUKHIL KeTMa-KETIUTH.




6-Bazudga. Muxkpodotorpadpusaa JIHK acocuna tait€pnanran nupamuia
KYPUHUIINIArd HAHOKOHCTPYKUMSHU TacBupu kentupuirad. Y [IHK Hu 4rta
anoxuaa (pparMeHTIapuaaH Tallkui Tonrad. by gparmentnap pacmua xap Xui
panrigap Ouian Oenruinanrad. Xaén KWIMHT, MaHa 01y KOHCTpykius Cus
V3UHTU3 Tau€piaraH Ba KYHIJIMHITU3Jard KOHCTpyKuus. Mana mry
KOHCTPYKIMSHA TaW€piamia Y3WHTUM3 Tau€piiaraH HWIUIApHU KETMa-KETJIMK
Ounan EputHd GepuHT.

7-Bazuda. Pacmma JIHK Monekynacu acocuja HaHOKOHCTPYKIMsIIAp
spaTuil 6ockuwiapuaad oupu akc dttupwirad. [y 60CKUYHN MOXUSITH XaKuaa
V3UHTU3HU (PUKPUHTU3HU OepuHr. Cu3HuHTYa Oy OOCKHMUra KaHjaai HOM TYFpH
kenamu?  Jlactnabku  cTpykTypanu (pacmaa 4amjaa) —IIaKUIaHTUPYBYH
monekyinanu (JAHK d¢parmentnapunu) Vy3ura xocnuru Humana? JHK Hu
HIyHJai MOJIeKyJlaJlapuHy KaHjai Kb onuin MyMKUH? PacMia keaTupuirad
UKKWIaM4d  (T€KHC) HaHOCTPYKTypa acocHjia ydjaMyd HaHOCTPYKTypa
KOHCTPYKIUS KMJIMII OOCKHYWTa YTUIL PEeKaTapUHU €310 YMKHUHT .
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8-Bazu¢a. Mxku xapakaTiaHyBUM HAHOKYPHUJIMAaHW TAaKKOCIa0 YHKWHT:
JIHK nan Taiiépnanran HaHokypwiMma (['apBapi yHUBEPCUTETH OJUMIIApU
sparran) Ba “Ypramuax” HaHopo6otn (KoayMmGHsi YHMBEpPCHTETH OIMMIIapH
gpatrad). by Kypuiamanap yJaapHHM XOCWI KWITaH MOJJalapHu KUMEBHUI
TapkuOu Ownan dapk Kwianumu? YnapHu ropanurad Oyrunmapu (“oéximapu’)
opacuaa yxmanuik 6opmu? by Kypunmanapau te3nuk cudarnau Cus KaHman
Oaxosaiicus (Oup-Obupura TaKKOCJIaHT)? Xap oup KypUJIMaHU
XapakaTIaHUIINHU MOJIEKYJISIp MEXaHM3MJIapu XaKuJard MabiyMOTIapAaH
dboiinananub, V3 ¢GUKpUHTH3HU  acocinad OepuHr. WKkM HaHOKYypUJIMaHU
aHAJIM3WHU TaKKocnal, ynapjaaH (QoWJajaHUIIHU SHIH COXaJapUHHU KypcaTHO
oepunr. Mana 1y ¢uKpiIapgaH Kenu0 UYMKKAH XOJiga, Xap KaHjal
HAHOKYPUJIMAaHM MYKaMMAJTAIITUPHUIN XaKuaa Y3UHTH3HU TaBCUSJIAPUHTU3HU
OepuHT.

9-Bazupa. [JHK acocupa  spatwiraH  HaHOKOHCTPYKUHUSIIAPHU
MyXumJIurura 6axo OepuHr. HaHOKOHCTpyKUHMSUIapHU MyXuUMJMrura kapao, ys3
¢buKpuUHru3 acocuja *konamtupud YukuHr. Cu3 Tanépiaran pyxaTtHu TYFpu
HKAHJIMTUHU acociiab OepuHT.




10-Ba3uga. Pacmaa TtaxpuOba
TQIKUKOTJIApUHU  ofaub  Oopuriga
UTTATHIATUTaH KypHJIMaakc
srTupwirad. by kypunma wHuma? Y
KaH1an TaIKUKOTIAPHU [ohi (9]
oopuiga unatuinaau? Pacmra moc
KeJaJural TaJKUKOT OOCKHUYJIapUHU
TaBcu(paad OGepuHTr.

@ Shelley D. Spray

11-Basuda. Kyiimpa KenTUpWIraH CXEMaHH HUXOSCUIAa E€TKA3WHT.
buounnmapgan  amanuérna  GoWAANAaHWIIHKA — KEHTaWTHpuInl  Oyiinda  ¥3
MaclaxaTIapuHTU3H OepuHT?

KylnparnmapHu anoxua aKpaTyHr:

1) Xo3upraua 6op oynran OuouuIIIapIaH amanuéraa
doitnananunaéTraniapu opacuia dHI MyXUMIIApUHU;

2) buouumnapman ucTUKOONAAa amManui  QoiamaHuUIl  MYMKHUH
OynrangapaaH SHT MyXUMJIApUHH,
by da3zudanu OaxkapiIUIIMHUA OJAMHTH OOCKUWIAPUHU HATIDKAJTAPUHU V3
WYUTa OJIAJINTaH STHTH CXeMa TY3HUHT.

BI/IO‘-II/IHJIapHI/I aMaJII/IéTI[a UIaTHuINIm

I e

12-Ba3udpa. Hyknewmn xkucinotamapu acocuna (umoiatu0) spaTUITaH
HAaHOKOHCTPYKLMSAJIAp Ba HAHOTEXHOJIOTHSUIAp Xakuaa HHpopmanuoH 0aza
SIpaTHHT.

Ha3zopar caBoJsiapu:

1. Xyxaiipaza reHeTMK axOopoTiIapHH CaKJIaHMILIN Ba YHIaH
dbolnanaHuI yuyH Kaiicu MakpoMoJieKyJiaap xaBoorap 0ymaau?

2.  JIHK monekynaCMHUHT TY3UJIUIIUHU TYIUIUHTUPUO OCpUHT.

3. JIHK monexynacuHu Kaiicu KUCMU T€HOM J1e0 aTanaan’?

4, Kangalt MomekynagapHu KoJaukKjiapunu kerma-keriuru JIHK Hu
TeHEeTUK KOJMHU Oenruiaan?

5. PHK MonexkynacuHM Ty3WJIMIIMHYU y3UTra XOCIUIM HUMaja?

6. PHK wuwm xanmaii typnapunu Owiacu3? VYnapHU XyKalpajgaru
OMOJIOTHK POJIM HUMaJIapAaH uoopar?




7.  OkcwiaHu KUMEBHMM TapkuOWHM XapakTtepnad Oepunr. IlenTun Ooru
XOCHJI OYJTUIITMHU MEXaHU3MHU KaH/Iai?

8.  Oxkcwumap Xyxaipana Kanmai pyHKIusiapau 6axapain?

9. OkcwutapHd WKKWIAMYH, Y4WIaM4H, TYpPTIaM4d CTPYKTypaliapu
HHMAa?

10. Oxcumnapau ¥3-y3uaaH MIaKiAra KAPHUIIK (CaMOOpTaHU3U3aIUSCH )
HHUHT MOXUATHU HI/IMaI[a?

TaBcust yTHIaAUraH agaduéTIap:
1. Ehud Gazit. Plenty of room for biology at the bottom: an introduction to
Bionanotechnology. London: «Imperial College Press», 2007. 181 p.
2. Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.:
«Pan Standford Publishing Pte. Ltd.», 2009. 363 p.

3. C.M. Niemeyer., C.A. Mirkin. Nanobiotechnology: Concepts,
Applications and Perspectives. 2004 WILEY-VCH Verlag GmbH & Co. CGaA,
Wienheim. 458 p.

4. Yubing Xie. The nanobiotechnology handbook. 2013 by Taylor &
Francis Group LLC, USA. 649 p.

5. K. JlaBpanos., b. AmukynoB. Hanobuorexnomorus. Tomkent, 2015.
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3-amMaJIMii MalIFyJaoT:.
I'eH MH:KeHEPHUSICH YCYJIH ACOCUAATH HAHOTEXHOJIOTUsLIIaP.

Nmpan makcaa: Hammonexynsp (cyOXykaiipanu) napakanard THPHUK
CUCEMAJIAp  XAaKWJa AacoCUM  KyHUKMalapHM  Takpopiam.  buosoruk
MeMOpaHallapHU HAHOKOHCTPYKIUS KUJTUIITHU MyXOKaMa 3THIIL.

MacaJiaHUHT KYAMJIALIN Tuarnosun aMaiun MAaIIFyJIOTAA
KeJNTUpWIraH BasudanapHu Oakapuly, TaxXJWid KWIWIIM Ba HATHXKA OJUIIH
JIO3UM.

NnHun 6a:kapuin y4yyH HaMyHa:

1-Basuda. Kyitnpa xentupwiran “OyKapuoT XyKalpalapHUHT TY3WIWII
cxemacu” HU nadrapuHrusra yuznO oiuHr. Pacmpma xypcartunran pakamiap
OwiaH OenruiiaHaurad Xyxaipa opraHOMIITApUHUHT HOMJIAPUHU €310 YUKHHT.
MemOpaHanu opraHouJjIapHd HOMJIAPMHU aJlOXMJAa aXXpaTUO KEITUPHUHT.
MemOpananu opraHoujjiapiaH Ba CTPYKTypajlapJlaH Kailicu Oupiapu
HAaHOOMOTEXHOJIOTUsIIapAa UIUIATUIIUIIUHYA KYpcaTUHT. CU3HUHT (PUKPUHTH3YA,
dHA KaWCH OPraHoOWJIap HAHOTEXHOJIOTJIAP YUYyH KH3UKHUIIL YWUFOTAIH?
’KapoOnapuHruszau acocnad OepuHT.

2—Ba3uda. Kyitnna xeatupuwirad mjia3MajieMMaHu TY3WIAII CXEMacCHHH
nadrapunrusra €3u0 onunr. Cxemama xapdmap Ownan OenrwiaHraH,
1a3MaJeMMa XOCWJI KWIYBUYM CTPYKTypaJlapHU HOMIJIAPUHM E3M0 YMKHUHT.
Okcwutapan  MOAM(UKAIMACH HATWXKACHUla, KaHJal CTPyKTypajgap XOCHII
OynrannuruHu  kypcatudr. [lma3zmaneMMaHu TallkKu CUPTH Kalicu Koiiza
YKOMJIAIUTAaHJIUTUHU AHUKJIAHT Ba yJapHU Oenruna® uyukuHr. [lnasmanemmanu
TalIKU CUPTU OWJIaH WYKU CUPTHMHU TAKKOCIAHT Ba yinap opacuaard (QpapkHu
TymMHTUpUO OepuHr. [lna3zmanieMMaHu TalKKM CUPTU Y3rapuO, UYKH CHPTra
yxmab KoJdraHuaa, yHu (Iia3mMalieMMaHu) (YHKUMSACH KaHJaW Y3rapuIIuHU
TYIUUHTUPUO OEPUHT.




3-Ba3uda. DieMeHTap OMONIOTUK ~ MeMOpaHaHHM  CXEMAaCHHH
nadrapunrusra yn3ub onuHr. Pacmpa Kyiugaru cTpykTypajiapHu Oenruiad
YUKWHT: SIPUM MHTErpaj OKCHJI; TpaHCMeMOpaHalld OKCHJI, CHPTKUA OKCHI,
aunaaaapHd - rugpodun  (mosgp)  Oomyanapu; JIMOWA — MOJICKYJIAJIApUHU
rugpodob (Homosap) nymnapu. K¥ypcatwiran okcwuiapiaH Kadcu Oupiapu
MoJaNapHU  XyXkalpa (OMOJIOTHK) MeMOpaHajaapy OpKAJId TPAHCIOPT KUJIMIII
Basu(acuHu 6axapanu’?

rel e

Junmumm oucioi

x
Eé

OKCHJLIAp

4-Ba3uda. Kyitnna kentupuiran pacmaan ¢oigananuo, Mmocomanap Ba
HaHOCOMAaJIapHU (MUIIeJUTaNIap) KUECHM XapaKTEepPUCTHKACK OViWYa KaJaBaTHH
Tynaupudr. Jlunua MosekynanapyuHu Kallcu KHUCMHU TallKM MyXUTra (MYKd
OynumMKka) Kaparan? JlunwamapHu — MOJEKyNaJlapuHU  MaHa — IIyHJau
OpUEHTaIMsACH OWaH yjap MIaK/UlaHTaH MYXHUT opacujaa ajioka Oopmu?
HaHokoHCTpyKTypanapaan Kadcwiapyu (JiumocoMaynap ¢€Kd — MUIleIIIaiap)
MOJJAJIApHA  XyKaWpara MWYHAJNTUPWITaH TPaAHCHOPT KWIMIIZA KEHIPOK
uniatuinaan? JKaBoOMHIM3HU TYIIMHTUPUO OCpUHT.




Jiunocoma

Muuenna

CTpyKTypaHHU y3ura XOCJIUTru Jlunocoma | Hanocoma (murienia)

.HI/II'II/II[ MOJICKYJIAJIapUHHN KaBaTJIap COHU

Jluun ~ MonekynalapuHu — MeMOpaHa
JIEBOPHJIa OPHECHTAIHSICH

WNuku 6y1mmkan 60pauru

Hucouii karranuk

S5-Ba3u@a. Pacmia kentupwiran OKCUJI-IUIUJIN HAaHOTpyOKalap HUMaA
Owian Qapk Kwiagu? VYnapHU MIaK/UIaHUIT OOCKUWIAPWHU XapakTepiad
O6epunr. HanotpyOkanapHu Kailcu KUCMHUAA TI00YISIp OKCHII-TYOYJIUH UIITHPOK
sraau? bup Tungaru HaHOTpyOKamapHu, OOIIKAa THUIAArd HaHOTpyOKara
alIaHTUPUIIT MYMKUHMH? Arap IIyHJIald ajaMalITHpUIl MYMKHH Oyica, yHU

6-Basuda. “HanoOocma, spHHM HaHOmNe4aTh (HaHOJMUTOTpadus) 1ed
aTajagurad HAHOOMOTEXHOJIOTUSHM  MOXUATHHU  TYIIUHTHUPUO  OCpHHT.
Hanomneuars spatumn Oyiiya wunuiaTyBUwjIapra Kyjiail OViaran Kuckada
KYyJslaHMa Ty3WHT. By HaHOTexHoJyiorusia JunuaiapHu Bazudacu numa? Huma
Y4yH KPEMHUIJIN TJIACTUHKAra CypTUITaH JIMMHUIJIAPHN OUPTaaH MOJICKYJIACH,
oxupuna Oucinoil makmantupaau? CxeMaTtuk pacM  Epaamuaa  JIMIUA
MOJIEKyJalapyuHUu  KPEMHUIIM  IUIACTUHKAJIapAa, yJlapHu  4-KaBaTHUHU




CypTWITaHJaH KEWHWHIY KOWJIAIIMIIMHN TacBUupaaHr. Hanoneuataan amanuérna
doiinananuin 6yiuYa Y3MHIU3HU MAXCUI TaKIU(IApUHTU3HU KEITUPHUHT.

/-Ba3uda. Kyinna  xenrupunran Xy)KapaHu MeMOpaHanu
OPraHOWJIapHU  TY3WIHMII CXeMacHMHM JadTapuHru3ra 4Yu3ub®  OJIMHT.
OpraHouZJHI HOMUHM Ba YHHUHI CTPYKTypaBUM KUCMJIQPUHH KYPCATHHT.
OpraHougHu Kaiich CTPYKTypaBHM KHCMH THOPHIJIM HAHOKOMILIEKCIIAp
apatumiga unuiatwirad? Ly crpykrypaBuil KUCMHU KaHAail XoccacH, THOpUL
HAHOKOMIUICKC spatuiiga Qoiganu OYITaHIUTHHU TYIMIMHTUPUO OepuHTr?
OnuHran ruOpuUTM HAaHOKOMILIEKCIap KaH[ail MeTojuiap OwiaH ypraHuiran?
VYnap Ooiika HaHOTEXHOJOTWsjapaa “KypyBuw Ojoxmap”  cudaruia
UIUTATUIIMIIN MyYMKUHMH? Y30K Kellakak/ia THOpHUIJIM HAaHOKOMILIEKCIIapAaH
amanuérna Qoimananuim OVHWYAY3MHTU3HA BapHAHTIAPUHTH3HU  TaKIUu®
KHWJIMHT.

8-Ba3uga. Kyituga kentupuiran XJIOpOIUIACTIIAPHUHT TUJIAKOUJIaApU
acocuJia HAHOKOMITO3UT MaTepHaljiap SPATUILl CXeMACUHU HUXOSCUTa €TKA3WHT.
bynna, ymoy >xapaéHHu OOCKUWIApUHU KyWHIard HOMJapujaH (howganaHuHT:
TUJAKOUJIADHU  TIOJIMAJICKTPOJIUT KaBaT OwuijiaH Enull;  THJIAKOWJIAPHU
KPEMHUIIIM TOJIJIOKKAJIapra MMMOOWIM3AIMs KWW, TUJIAKOUJIAPHU CYBJIH
MYyXUTTa >KOWIAII;, THJIAKOWIJIAP CUPTHAA, TOJUAICKTPOIUT KOMILUIEKCIIapaaH
TYPT KaBaTiIy HAHOTUIEHKAJAP MIaKJUIaH TUPHUIIL.

Cxema
Tunakonanap axxparuim—

9-Basuda. Bupycnapgan ¢doiinanann®, HaHOKOMIIO3UT MaTepuaiap
SPATHIIHU KyHH1a KeATHPUITaH CXeMaCHHU HUXOSICUTA €TKA3HHT:

KynkaBatnumnonu- YHU CUPTUIATIUIINAIINA

AJIEKTPOJIUT SPATULIT— OuCIION MaKIaHTUPULLT—

10-Ba3uda. 9 — Basudanum Oaxapumpa Cuz KypcaTran BUpyclapaaH
doitnanann0, HAHOKOMITO3UTIN MaTepHalljiap SpaTUIl OOCKUYIAPUHU aHAJIU3
Kunud yukuHr. Huma ydyH Bupycnap KYIKaBaTiM IOJUAIEKTPOJUTIAH Ba
OUCNOWNM NUNUIUIapAaH TaW€pilaHTaH HAHOKOMIIO3UTIM — MaTepuaiapra
MycTakus Kupub ongu? Huma ydyH KOMMO3MTIM HaHOMaTepuaa HOPIOH
MyXuTra oSkoinamtupwianau? Huma ydyH wuura BuUpycinap KHPUTHITaH
KOMIO3UT HaHOMaTepUaIHU TaIKUKOTUWIAp, “OMOJIOTMK Xoccajdapu Hazopar
KUJTUHAAUTaH KOMITO3UT HaHOMaTepuasuiap 1e0 aTaraHjJapuHH TYITUHTHPUO




OepunHr. byHra yxmiaraH KOMIO3UT HaHOMaTepHAJUIAPHU TUPUK CHUCTEMAJIap
y3apo TabcupHIa XOXJaHMaraH y3apo MyHoca0aTJIapHH  MHUHyMyMra
Tymraniaurura cabad Huma? Xo03upru BakTAa “BUpyc OwiaH 3apapiiaHTaH
KOMIIO3UT MaTepuajuiap”’ Kaepjapaa HIUlaTWiIunuiapy MyMkuH? MctuxOonna
ynapaan (Qoivgananuiman  Cu3  Takiaud KWIAQAWTaH BapUaHTIApH OuiaH
TAHUIITUPUHT Ba (PUKPUHTU3HH acociald OepuHT.

11-Ba3uda. Kyiinga kentupuiaran Map3ynapjaH oupopracu O6yiinda €3ma
Mabpy3a Tal€piaaHr Ba y OMJIaH YPTOKJIALIMHT (1apcaa XUMOs KUIIUHT):

OMOJIOrMK MeMOpaHaJlap aCOCU/1a HAHOCTPYKTYpaslap KOHCTPYKIIUS KUJIMILL;

JAUNocoMaliap OJIMII Ba amManuéraa GoiaanaHul ycysuiapH;

OMONOTMK MeMOpaHalapHU TEXHMK MOJEUIapH, YJIapHU aMaiauérnaa
UIUIATUINLLIY;

OMoNOruK MeMOpaHaJlapHU HAHOTEXHOJIOTUSA1A UILITATUITUIIIH.

12—Ba3uda. buonmoruk ~ MeMmOpaHajmapHH  HAHOKOHCTPYKLIMS ~ Ba

HAaHOTEXHOJIOrUsIap1a MIUIATUIUIIN OYViinya HHPOpMaluoH 0a3a spaTHHT.

Ha3zopar caBoJsiapu:

1. TIpokapuoT opranusmiap HUMa?

2. TlpoxapuoT XyxalpaHu TY3WIHIINHU XapaKTepiaad OepuHT.

3. bakrepusuiap KaHaai xapakTepiaHaau?

4. bakrtepuall BOpCHUHKaJIap Ba MUJIWIAPHU TAKKOCIAHT. YJIapHU Y3Ura
XOCTUTH Ba QyHKIUAIAPU HUMA?

5. bakrepusuiap KaHgai KMIMO Xy KalluH OpraHu3MUra Kupaau?

6. Kannmaii kunub THpUK XysKaiipanapra Topuiap Ba IeHIap KUPATHII YIyH
OakTepusiiapaaH GoiigaraHuIl MyMKUAH?

7. Kanpaii ka6 OakTepusiap METaJUIApHU HaHOOYJaKyaJapuHU SPaTHIL
Ba TYILJIAIl MyMKHH?

8. IlleBanemna OakTepUsJIApWHW OFUpP IIAPOWTAA WILIAINTa MaxOyp
KWIMHTaH/Ia, yjlap/1a HuMaiap coaup oyaran?

9. IlleBanemnma Oakrepusiapuia “SJEKTPUK  XamkaMuaT  KaHaail
MIAKJUIaHIu?

10. IlleBanenna OakTepussIapuHu KaHJal y3ura Xoc OYIraH XyCyCHSTIApH,
ynapiaH »Heprus MaHOaum cudaruaa ¢oigamaHuIl MYMKHHIWTH —XaKuja
dbukpnamra UMKoH 6epran?

TaBcus dyTuyaauran agadéuériiap:

1. Ehud Gazit. Plenty of room for biology at the bottom: an introduction to
Bionanotechnology. London: «Imperial College Press», 2007. 181 p.

2. Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.:
«Pan Standford Publishing Pte. Ltd.», 2009. 363 p.

3. C.M. Niemeyer., C.A. Mirkin. Nanobiotechnology: Concepts,
Applications and Perspectives. 2004 WILEY-VCH Verlag GmbH & Co. CGaA,
Wienheim. 458 p.

4. Yubing Xie. The nanobiotechnology handbook. 2013 by Taylor &
Francis Group LLC, USA. 649 p.




5. K. JlaBpanos., b. AnukynoB. Hanoouorexnonorus. Tomkent, 2015. 312 6

Ha3zopar caBoJsiapu:

1. HanoO¥ynakyanap acocan arpod MyxuTra KaepAaH Tyaaun?

2. Kannaii HanoOYmakyanap (3pkuH €Ki OOFjIaHTaH) aTpod) MyXUTra KYIpoK
xaB( Tyraupaau?

3. HanoG6ynakuanap arpod MyXWTAaH ojaM OpraHHU3MHUTa KaHaad Hysiap
Ownad kupub 6opaan?

4. OnaM opraHvM3Mura TyIliral HaHOOYIaKyanap Kaiicu opranja TymiaHaan?

5. TuTaH OKCHUIMHUHT HAHOOYJIaK4ajlapyd OpraHu3Mra KHUpPraHuJaH KeHuH
KaHaal Tabcup Kypcataau?

6. Banagmit okxcumum HaHOOVmMak4aap XyKaipaga KaHOad Y3rapuiuiap
yakupaau?

7. HaHnoOynakuanapHu XaB()CHU3JIUTU YJIAPHU OPraHU3Mra KHpHUII WYIura
OOFJIMKMU?

8. HanoOynakuanapHu KHYMK JO3aCHMHHA OpTaHW3MIa JOUMHI KHpPHUO
TYpHILIH, TAPUK OpTaHU3Mra KaHaail TabCcup KypcaTaau?

9. Vriepoanu HaHOTpyOKajlap MPOKapHUOT XyKadpanapra KaHnail TabCUp

Kypcaraau?

10. Hanomatepuaimap Ba  HAOTEXHOJIOTHSUIADHU  XaB(CHUBIUTH
coxacuja o6 6opuiiagural MU Tamadb0ycHU XxapakTepiad OepuHTr.

11. HaHounaycTpuss Ba HAHOTEXHOJOTHS MAaxCyJOTIApUHU OJlaM

cajoMaTIMIura XaBh)CU3IUTMHU TAabMUHJIOBYM KaHAal Bazudanap Oenruianral
Ba Kaepaa?

TaBcus dTHiIaguran agadouéraap:

1. Ehud Gazit. Plenty of room for biology at the bottom: an introduction to
Bionanotechnology. London: «Imperial College Press», 2007. 181 p.

2. Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.:
«Pan Standford Publishing Pte. Ltd.», 2009. 363 p.

3. C.M. Niemeyer., C.A. Mirkin. Nanobiotechnology: Concepts,
Applications and Perspectives. 2004 WILEY-VCH Verlag GmbH & Co. CGaA,
Wienheim. 458 p.

4. Yubing Xie. The nanobiotechnology handbook. 2013 by Taylor & Francis
Group LLC, USA. 649 p.

5. K. JlaBpanoB., b. AnukynoB. Hano6unorexnosorus. Tomkent, 2015. 312 6

Kyuma mamryJior




V. KEUCJIAP BAHKHA

1-keiic-cTaam.

buonorusina  unmatwiagurad  QIyOpOXpPOMJIAPHUHT  KYIUWJIUIH,
Kyiuaaru OupukMaiapra KHpajauiap. VY napHUHT KaMUYWJIHKIIapH
Kyluaarunapaad noopar:

bupununcu, nact gapaxana (poTocTabMILIHK;

NkxkuHuncu, Oup Heua OOBEKTIApHU OUp BaKTAa KYpPUII YUYH Xap XUJ
OyEéxnapaan ¢oiianaHuIl 3apypUsITH;

Yununuucu, Oy OYEKmapHU QIIyOpPECHCHIMSICUHA KyYaTUPHUII YUyH
TEruiuIM Oynaran €pyrIvK MaHOaTapuHU TaHJAlll 3apypHUSTH.

1-cagon. Opranuk dQuyopoxpomiapau Oy KaMUMIUKIApPUHU KaHAAl
KWIHO HYKOTHIII MyMKHUH?

2-cagon. HaHOKpUCTAIIAPHUHT  yI4amJlapHU — y3rapTHUpuO, OITHUK
CHEKTPHU XOXJIaraH >KOMUra YypHaIlITHUpWiIraH, (ayopecreHuusira sra Oyiaraxn
(IyOpOXPOMHH OJIMILI MyMKHUHMU?

3-cagon. buonoruk TagKUKOTIapAa Kacu KUMEBUN MOIanap KOIUTaHTaH
KBAHT HYKTaJIU APUMYTKa3ruuwiIap UILIaTHUIaan?

2-Kelc-cTaam.

CyBnma »spumaiiiuran opraHuK MoOJJalapHu, QepMeHTiap Epaamuaa
Y3rapTHpUI YCYJIMHH TOMHUII MYMKHHMH? By MyaMMOHW €4MIll y4yH KaToOp
Taxkpubanap yrkazwirad. OkubaTaa, arap 3puTMa TYJIUK CYBCU3JIAHTUPUIICA Ba
dakaT OpraHuK dPUTYBUYH KoJica, (hepMEHTIAPHHA XyCYCHSITIIAPH Ba CTPYKTypacu
CaKJIaHUO KOJIUIITYM MyMKHH SKAHIIUTH TacAUKIaHTaH.

ynaan KenH, MaXxcyCc MUKPOOPTaHU3MIIAP «KOHCTPYKIIUS» KHIJIMHTaH.
['eH uHXEHepaUTH METOIU EpJlaMU/ia, MUKPOOPTaHU3MIIApPTa, OPTaHUK MYXHT/Ia
dbepMeHT CUHTE3 KWIUII XYCYyCHUSITH OepuIraH.

bynnaii MukpoopraHm3Miap, OpraHUK 3axapiii MYXHT TapKUOWAaru
CyBa JpHUMalJWraH OPTaHWK MOJJAJApHU 3aXapCHU3IAHTHPHUII (TIapyasiar)
Y9yH KEHT UIIUTATHINO KeTUHMOKIA.

1-cason. Mukpoopranuszmiap cudaruaa Kaiicu aBJoJ
MUKPOOPTaHU3MIIApHU UIILIATUIAA?

2-cagon. by MuUKpoopraHwsMiap acocaH Kalich CyBIa JpUMalIATaH
OpraHuK MOJJIaJIApHU MMapyaiaiira MocJjariraanap?

3-cason. I'eH MyXaHIUCIUTH MHKPOOPTaHU3MIIADHUHT Oy XOccajlapHUHHU
JUMUTIOBYA MyaMMOJIAPHU XaJI KHJIa OJTaIuMH?




3-Keiic-cTaau.

bakrepusimapnan HanoOynmakdanmap Tai€pnamga (odganaHum Hyimapu
unuiad yukuwirad. CakCOHUSIHUHT YpaH KOHJIapuaaH Oupuaa unuiad kenaérras,
oup rypyx ['epmanmsummk Oumosnor ommmiap, “bamummra chepuueckas JG-A12”
ned6 HOMJIaHTaH SIHTH OakTepWsHH TolraHigap. by Oakrtepusnap ypaHAaH
XMMOSIJIAHHII YIyH MyCTaXKaM CHPTKH OKCHJI KoOurwra sra. by KoOuK, ky1urad
HaHOTEHIMKIAp (HAHOMOpa) caKIaly Xamaa Oy HaHOTEIIUKIIAp, OMp XM HaKII
(kamTa, TyJ1) XOCHI KHIHO >KOMIaHuIy OuiaH dhapKIaHaIu.

1-cagon. baktepusHuHT MaHa m1y HOEO KOOWFWIaH, HAHOOYIaKdJajap
Tanépnan yayH KaHaai goigananu MyMKUH?

2-cason. bynnait 6akTepusuiap, METaJUT MOHJIAPHU CaKJaraH MyXUTra
TymuO KOJTaHIapuaa, Y3IapuHu KaHaai TyTaaumiap?

3-cason. bakTepusTapHUHT METAJUT MOHJIAPUHU Y31apu/ia TYTIUIAIN
MYMKUHMHA?




MYCTAKNJ TABJIUM MAB3YJIAPU

MyCTaKI/IJI HINHUA TAINKWI THUIIHUHT HIAKJI1 Ba MAa3MYHH.

TUHTIIOBYM MYCTaKWJI WITHA MYyaisiH MOIYJHU XYCYCHSTIApPUHH XHCOOTa
OJITaH XOJ/1a KyHuaaru makiiapaad Gonganannd Taiépiiaiii TaBcus STHIIAIH:

- MeBEpUN XyxoKaTIapaaH, YKyB Ba WIMHUM amaOuéTiapaan ¢GhonaagaHuIn
acocua MOAYJ MaB3yJIapyHU YpPraHUIIL;

- TapKaTMa Matepuasuiap oyiinya Mabpy3ajiap KUCMUHH Y3IalITHPHUILL;

- aBTOMATJIAIITHPWITAaH YpraryBud Ba Ha30paT KWJIYBUU AacTypJiap OuiiaH
UIIan;

- Maxcyc anabuérnap OVinua momayn Oynumitapu €KM MaB3ylap yCTHA
UIIan;

-TUHTJIOBUMHHUHT KacOwii Qaonusartu Ownad OOFIMK OYyiIraH Moyl
OynuMIIapy Ba MaB3yJIAPHU YYKYp YpraHUIll.

MyCTaKI/IJI TabJUM MaB3yJIapHu:

1. HaHOOMOTEXHOJIOT Ul — OMOJIOTUSTHUHT PUBOXKJIAHUIIIMHU STHTH OOCKUYH.

2. HaHoayHEHM Talkuil KUITyBYM OHMOMaKpOMoOJIeKyJanap.

3. JHK  MonekymacMHMHT  CTPYKTypach Ba  XOcCcCaJlapy  acocujia
HAHOOMOTEXHOJIOTHS.

4. I'en MH>KEHEPUSICH METOM aCOCUJIard HAHOTEXHOJIOTHLIIAP.

5. Hagmonekynsap (cyOXykaiipanu) napakajga TalIKWJI KAJUHTAH TUPHUK
CUCTEMaJIAPHUHT HAHOOUOTEXHOJIOTHUSIIAPH.

6. XaéTHU TIPOKApUOT Ba XyKapacus MIAKIUIapU HAHOKOHCTPYKIIMSUIAp Ba
HAaHOOMOTEXHOJIOTUsIIap/a.

7. buopeaktopnap Ba OnokaTannzaTopiap HAaHOTEXHOJOTHUsA.

8. Hanomarepuaniap Ba HAHOTEXHOJOTHSUTAPHU XaB(PCU3IUK MyaMMOJIapH.

9. HaHOOMOTEXHOIOTHSIHN MEAUIMHA/IA UIITATHITAIITH.

10. JIurtocomamap. Jlumocomanapra tumpodun (ruapodod) Momamap
KUPUTHIIIL.

11. buonoruk daon wmommamap (bOM) #yHanTUpWITAaH TPAHCTIOPTH
BocHTacu cudaTuaa JUIOCOMANIapHU yCTyBopiuru. JlopuBop Mojamanap
TalTyBUYUCH — HAaHOOVIaK4anap Tai€pamni yuyyH UIIaTHIaIural moJuMepIiap.

12. lengpumepnap. [lenapumepiapHUHT Xoccallap, yiapliaH JOpUBOP
MOJJIaJIapHU TalryBYmiIapu cudaruaa ¢hoiganianui.

13. dynnepen YIAEPOJHUHT  OOIIKa  aJJTIOTPOIHUK dbopmanapu.
DHpodynnepernap. YnapHu THOOUETIa UIITATUIIT UMKOHUSTIIAPH.

14. AuTuTana. AHTUTaHANapHU KaHJal y3ura xoc OYiraH XycycHsTJIapH,
yJIapHA aTOM-KY4WIM MHKpPOCKOIIap €paaMuaa KyIIuM4Ya HILIOB OepHIl
OOCKUYIapH.

15. Tub6uér UMIUIaHTaTIIapyu.  VMIutantatiap  Taué€pnaml — y4yH
UILTATHIAUTaH MeTaap.

16. “buomarepuaiap”. YIapHUHT YMYMHI XOccallapy.




17. HanotexHoyioTHsIap sipaTWiraH MMIUIAHTIApHU. TYKMMa UMILIaHTaTH
OJIUIITHUHT OOCKUYJIAPH.
18. TyxuMa MyXaHAUCIUTY YUyH “‘MyKaMMal MAaTpUKC XOCcCalapu.
19. DneKTpOCIMHHUHTHUHT MOXMSTH. By ycynma onuHraH MuHMKpO- Ba
HAHOTOJIaJap UIUIATIINIIN. By yCyTHUHT KaMYIIIUTH.

20. JlunocomanapH¥ TY3WJIHIIWHU Y3UTa XOCIHUTH.

21. Jluniua Monexynanapu OUcIona KOMIalIi YpHU.

22. OKCWI-TUIUJIA HAaHOTpyOKamap.

23. Ouuk Ba €NUK HAHOTpYyOKanap spaTHIIL.

24. Jlununnapaan ¢oiganaHuo spaTUIraH HaHOMEYaTh METOAMHU MOXUSITH.
25. Cynbpuit  sipaTwiran  MeMmOpaHaJapHUHT  OMOJIOTUK  (UIBTpIIAp
Basudacunu 6axapa onumu. CyHbu Oyiipak.

26. XJTOpOIUIaCTHUHT TY3WJIHIIIN.

2. XnoporiactiaapHu TUJIAKOUIapU acocuaru TUOpUIITN
HOHOKOMIUIEKCIIAp.

28. BupycinapHUHT SITHTY KOMIIO3UT HaHOMaTepuasuiap Taiépiamga KypyBUn
OJsiokIap cudaTua UIUIATHIUIIN?

29. Xyxaiipa MeMOpaHacura BUpycIapHU TaOUH KUPUIIT MEXaHU3MIIAPH.
30. MemOpanalap Ba  BHpyClIap acocuja  SpaTWwiiraH  KOMITO3HT
HaHOMaTepHaap.

31. IIpokapuoT opraHusmiap.

32. bakTepuall BOpCUHKaJIap Ba MWIWJIAPHU. YJAPHU Y3UTa XOCIUTH Ba
byHKIUSIAPH.

33. Tupuk  Xykaifpamapra Jopwiap Ba Te€HJAp KUPUTHUII  y4yH
OaxTepusutapaan doinanaHum.

34. bakTepusUTapHUHT MeTaulap HaHOOVJIaKJYaJlapuHU SIPAaTUIIl Ba TYTUIAII
X0ccacu.

35. llleBanemnna GakTepusUTApUHU OFUP MIAPOUT/IA UILIAII TPHUHIUILIAPH.




VIL. IJIOCCAPUU

¥V30ek Tuanaaru

HNurauns tuauaaru

Tepmun Tepmun
apxXu HIapXu
['mukonpoTeunH,

Biotenga yugori o0agaroImuii O4eHb A glycoprotein that has

affinlikka (dissotsatsiya BEICOKOJA avery strong af_fmlty

konstantasi 10°25 M) ad(HUHHOCTBIO K for biotin with

Avidin eoa bo’lean va u bilan OnoTHHY (KOHCTaHTa dissociation constant
ABWIHH g en rﬁustahkam muccormanmu - 10" | about to 10-15 M-1, the

Avidin g M), o6pasyromuii ¢ strongest known for

nokovalent bog’ bilan
bog’lanuvchi
glikoprotein.

HUM CaMYIO IPOYHYIO
W3 U3BECTHBIX
HEKOBAJIEHTHBIX
CBs3EH.

noncovalent
interactions (also see
covalent interactions).

Aktinli filament
AKTHHOBBIH
(puiamenT
Actin filament

Diametri 7nm bo’lgan,
ikki zanjirli spiral
o’ralgan polimer

molekulasi. Sitosklet
va ko’ndalang
mushaklarni asosiy
ogsil komponenti.
Boshgacha nomi
mikrofilament (miozin
va polimer atamalariga

garang).

[Tonumepnas mosekyna
U3 IBYX CIHUPAIbHO
3aKpY4YECHHBIX LEnen
JMaMETPOM OKOJIO 7

HM. OCHOBHO#
OENKOBBII KOMITOHEHT
IIUTOCKEJeTa ’
MOTEPEYHOIOIOCATHIX
MbI. pyroe
Ha3BaHUE -
Muxpoguiamenm (CM.
Muoszun v [lonumep).

A two-stranded helical
polymer with a
diameter of about 7 nm.
Serves as a major
protein component of
the cytoskeleton and
striated muscles. Also
known as
microfilaments (also see
myosin and polymer).

Amiloid fibrillalar

Odam organizmida
Alzgeymer va 2-tip
diabet kabi
kasalliklargda paydo

Ynopsa104eHHbIe HUTH
U 3 OCNKOBBIX WJIH
METITUTHBIX KOM-

MOHEHTOB IMAMETPOM
7-10 HM,

An ordered protein or
peptide fibril with a
diameter of 7-10 nm

Ag:g;:ﬁ;ﬂe bgoli(::]gggllggnng;iT- dopmupyrommecs B that is as_sociated with
Amyloid fibril yoki peptid KJIETKax "esoBeKa Mpu human Q|see}se §uch as
komponentlaridan psiae 3a00/1eBaHUH, Alzheimer’s gllsease
wzilgan tartibli TaKKX KaK 00JIe3Hb and Type Il diabetes.
molekula AunprreiiMepa u quadet
IT Tuna.
: . .| CtpoutensHble 6JI0KH
Oqig;f}'{(ﬁaqﬁ’fup\f'ci'iar”' 6econ 1 nommepos- | The building blocks of
bloklari. Tipik nenTuaoB. TunuuHas proteins and pept_ldes
aminokislota - aMUHOKHCIIOTA p_olyme_rs._ A typical
Aminokislota uglerodni xiral BKJIIOHACT XMPATBHO | amino acu_j is composed
AMMHOKHCJIOTHI assimetrik atomi va ACHMMCTPHTHDIN aTOM pf a chiral carb_on
Amino acid unga ulangan amino-, yIJIepoJia, ¢ KOTOPbIM linked to an amino

karboksil guruhlar va

yon zanjirlar saglaydi.
(peptidlar, polimer,
ogsillarga garang)

CBsI3aHa aMUHOTPYIITIA,
KapOOKCHIIbHAsI TpyIa
1 OOKOBas ETIb (CM.
Ilenmuowt, Ilonumep,
benxu).

group, carboxyl group,
and a functional side
chain (also see peptide,
polymer, protein).

Amfifil birikmalar
AmpudunsHoe
COCIUHCHUEC

Bir vaqtning o’zida
ham gidrofil, ham
gidrofob xususiyat

Coenunenue,
MIPOSIBIISIONIEE OTHO-
BPEMEHHO CBOMCTBA

A chemical compound
that have both
hydrophilic and




Amphiphilic or namoyon giladigan TUAPOPUILHOCTH U hydrophobic nature
Amphipathic birikmalar. runpodoOHOCTH (OT (from the Greek
(yunonchadan amphis- | rpeu, amphis - «00a», amphis: both, and
“xar ikkalasi” philia- philia - «1060Bb»). philia: love).
“Sevgi”)
Angestrim (A)
AHrcrpem (A) 101% m yoki 0,1nm 0,18M, 10710 M. One tenth_?of a
nanometer, 10" meter.
Angstrom (A)
XUMHUECKOE A chemical compound
Immun javob COeMHEHHE, that stimulates an
Antigen chaqgiradigan ya’ni BBI3BIBAIOIIICE immune response,
AHTHTIEH antitana hosil giladigan UMMYHHBIH OTBET, B especially the
Antigen kimyoviy birikma. YAaCTHOCTH - BBIPAOOTKY production of
(antitanaga garang) aHTHTEI (CM. antibodies (also see
Aumumena). antibody).
Bbenkosrie KOMIIJICKCHI,
T creumduaecKn A protein complex that
Yugori affinlikka ega, CBSI3bIBAIOIINE . e .
, . ) binds specific chemical
ma’lum kimyoviy OIpEAEIICHHBIE o T
. - . entities (“antigen”) at
Antitana birikmalar bilan XUMHUYECKHE hi .S
. . . \ . igh affinity.
(immunoglobulinlar) | spetsifik bog’lanuvchi COC/IMHCHHUS Lo
: : . | Antibodies serve as a
AHTHTEIA ogsil komplekslari. (aHTHUTEHBI) C BHICOKOM maior
(MMMYHOTJI00YJIHHBI) Immun sistemasining apOUHHOCTHIO. 10
. ; o tool of the immune
Antibody or bakterial va virusli OCHOBHOE «OpYIKUE»
. . . : N system to combat
Immunoglobulin infeksiyalarga garshi UMMYHHOW CHCTEMBI B : :
. bacterial or viral
asosiy “qurol”i( 6oprbe ¢ infecti |
antigenga garang) OakTepuanbHOI U Infections (also see
antigen).

BUpYyCcHOU HMH(peKIue
(cm. Aumueen,).
Coenvnenus,

coJiep Kallfe OJHO HIIH
H)Iecionllio mf[ocxnx A compound that
contained one or more

Umumiy elektron
.. R OUKIINYECKUX -
qalinlikka ega bo’lgan EPOTHBIX CTPYKT cyclic planar carbon
S bir yoki bir necha yrepon PYKTYP 1 moieties that includes
Aromatik birikmalar St ¢ 001Iei 2IeKTPOHHOM
ADOMATHUECKHe yupga siklik uglerod TOTHOCTLIO shared resonant
P strukturasi saglagan ' electrons. Aromatic
COeTUHEeHUA .. . CniocoOHBI K
Aromatic compound birikmalar. Geor_netrlk CHIOHTAHHOMY compounds
chegaralarga bilan N spontaneously
. . R B3aUMOJCUCTBUIO - . .
birdaniga o’zaro CTOKHHT organized in
ta’sirga kira oladi Yy geometrically restricted
00yCIIOBIIECHHOMY o .
stacking interactions.
TCOMCTPHUICCKUMU
OIrpaHUYCHUSIMU.
A branch of

Prokariotlarning
sistematik guruhi, ko’p Cucremaruyeckast prokaryotes that is

hollarda bakterialardan | rpymmna mpokxapuor, Bo | different form bacteria
bir gancha xususiyatlari | MmHOroM oTinyarorasicst | in many paramet ers

Arxebakterialar ) o .
T, O T bllen farq qll’adl va oT GakTepuii u and resembles
Archea or eukarlotlarga o’xshaydi. | moxo’ast Ha 3yKapHOT. eu karyotes_ In some
Archeabacteria Pro_karlotler va OO0pa3yroT oJ1HO U3 aspects. Belleved to be
eukariotlar bilan bir | Tpex HaguapcTs Hapsy a third primary
gator 3 yirik C TIPOKapHUOTaMHU U biological kingdom
podshohlikni birini 9YKapUOTaMH. besides

bacteria and eukaryotes.

tashkil giladi.




Atom kuchli
mikroskop (AKM)
ATOMHO-CHJIOBasI
Mukpockomus (ACM)

Atomic force
microscopy (AFM)

Skanerlovchi zondli
mikroskopning yuqori
sezgirlikka ega bo’lgan

bir turi. Ko’rish,
o’lchash va
nanobo’lakchalar bilan
manipulyatsiya gilishda
qo’llaniladi.

PaznoBugHOCTH
CKaHUPYIOLIEH
30H0BOM
MUKPOCKOIINH,
o0ecreynBaromas
OUYEHb BBICOKOE
pazpemenue. ACM
UCIIONB3YETCS IS
BHU3yaJIU3aIUH,
U3MEpEeHUs U
OCYILIECTBIICHUS
MaHHUITYJISAIUN C
HaHOOYJIaK4YaMH.

A type of scanning
probe
microscope, with very
high-resolution. AFM
serves for imaging,
measuring and
manipulating matter at
the nano-scale.

Ikki va undan ko’proq
kimyoviy birikmalarni

B3aumozeicreue n1Byx

The interaction between
two or more chemical

Affinlik . X 1 00JICC XUMHYECKHX
dissotsatsiya . .
A¢pdunHoCTH e CYIIHOCTEH, onuchiBae- | entities as reflected by
.. konstantasi bilan . o o
Affinity ! . , MO€ KOHCTaHTOMI their dissociation
belgilanadigan o’zaro
2. JIUCCOLAAINM. constant
tasirl.
- . HOKJIETOYHBIE A unicellular
. Bir hujayrali On
Bakteria . . POKAPUOTHYCCKHE prokaryote
mikroorganizmlar, . . .
bakrepun . MUKPOOPraHU3MBI, microorganisms that is
Bacterium hayotning eng tuban onHa u3 musmmx Gopm | classified as lower form
shakllaridan biri. a P :
JKU3HU. of life.

Bakteriofag
bakrepuodar
Bacteriophage

Bakteria hujayrasiga
kira oladigan va uni
ichida ko’paya oladigan
virus (bacteria va
yunoncha “phagein” —
yemoq so’zlaridan
olingan)

Bupyc, nporukaromui
B OaKTepUaIbHYIO
KIIETKY U
pPa3sMHOXKAOIIUICS B
Hell (0T cioB
«OaxkTepus» U rpey,
phagein -ects).

A virus, which infects

bacteria and manipulate

in them (from bacteria

and Greek phagein: to
eat).

Biomineralizatsiya
buomuuepaamzanus
Biomineralization

Organizmni minellar
hosil qgilishi, odatda
to’qimalarga
mustahkamlik berish
uchun kechadigan
jarayon.

OO6pazoBanue
MUHEPATIOB KUBBIMU
OopraHu3Mamu, OObIYHO
JUTS IPUAAHUS TKAHSIM
MIPOYHOCTH.

A process by which
organisms produce
minerals, often to
harden or stiffen
existing tissues.

Bionanotexnologiya

Nanotexnologiyada

Hayxka, ncrions3yromas
B.HAaHOTEXHOJIOTUH

The use of biological
principles and building

Biosensor
buocencop
Biosensor

va optik yoki elektrik
o’zgartirishga olib
keluvchi detektordan

Har xil moddalarni

tashkil topgan qurilma.

topish uchun ishlatiladi.

BuonaHoTexHOJI0r U blo'ﬁ?ilﬁsﬁnbr;zlﬁﬁri va OMoJIOTHYECKHE blocks for
Bionanotechnology q . TPUHIIATIBL | nanotechnological
ishlatadigan fan. o
CTPOUTENIbHBIC OJIOKH. applications.
YcerpoiicTBo,
Biologik kelib BKJIIOUaroiee aerekrop | A device that combines
chiqishga ega bo’lgan OMOJIOTHYECKOTO a biological detection

MIPOUCXOKIACHUS 1
AIEKTPUYECKUI OO0
ONTUYECKUH
npeoOpa3oBaTeb.
Ucnone3yercs nis
OoOHapy>KeHHs
pa3IUYHBIX BEIIECTB.

component
together with a
transducer component
for the electrical or
optical detection of
analytes.

Biotexnologiya

Biologiya asosida

The technological

MenuiuHcKHe,




buorexHoaoruu
Biotechnology

yaratilgan tibbiyot,
qishloq xo’jaligi va
boshga texnologiyalar

CEIIbCKOXO03s11CTBEHHbBIC
Y TIp. TEXHOJIOTHUH,
pa3paboTaHHbIE Ha
OCHOBE OHOJIOTHH.

application of biology
in the field of medicine
and agriculture.

Biotin (vitamin N va
vitamin B7)
buorun (Burtamun H,
BuTaMuH B7)
Biotin

Kichik organik
molekula, tuxum
komponentlarida

uchraydi. Avidin bilan
mustahkam bog’ hosil
giladi.

HebGonbrmas
OpraHuyeckas
MOJIEKYJIa, BCTPEYaeTCst
B KOMITOHEHTaX SHIIA.
OOpa3zyeT nMpoYHBIA
KOMIUIEKC C aBUJINHOM.

A small organic
compound of egg also
known as vitamin H or

B- that forms a very
strong complex with
avidin.

DNK
JAHK
(me30KkcMpPUOOHYKIEHH
oBasi KHCJI0TA)
DNA
Deoxyribonucleic acid

RNK molekulasini
sintezi uchun kerakli
informatsiyani o’zida

saglovchi nuklein

kislota. Ularning

ko’pchiligi ogsil
translatsiyasiga
foydalaniladi.

Ee mouexyiibt
coJiepkat
uH(MOpPMALIHIO JTS
cunre3a mojekyn PHK,
OOJIBIIIMHCTBO W3
KOTOPBIX
WCIIONB3YIOTCA TS
TPAHCISIUY - CHHTE3a
Oenka.

A nucleic acid that
contains the
information for the
synthesis of RNA
molecules that is most
cases are being
translated into proteins.

Dori vositalarini
yetkazish-
JlocTaBKa JIeKapcTB
Drug delivery

Farmasevtik
birikmalarni inson yoki
hayvon organizmiga
yetkazib berish metodi.

MeTo TOCTaBKH
JIEKapCTBEHHOT'O
rnpernapara K Hy>KHbIM
opraHaM U TKaHSM.

A method for the
delivery of a
pharmaceutical
compound to humans or
animals.

Elektron mikroskop
DJIEKTPOHHAA
Mukpockonus (IM)
Electron microscopy
(EM)

Mikroskopning bir turi
hisoblanib obyektni
fotonlar orgali emas,
balki gisqa to'lginli
elektronlar ogimidan
foydalanib aniq
tasvirini ko’rish
imkonini beradi.
Elektronlarning
jamlanmasi bir necha
nanometr kattalikdagi
jismni ko’rish imkonini

Pa3zHoBugHOCTH
MUKPOCKOIINH, B
KOTOPOI M300pakeHne
o0BexTa hopmupyercs
He (oTOoHAMHU, a OoJiee
KOPOTKOBOJTHOBBEIMHU
anekTpoHamiu. [Tydok
JIEKTPOHOB
o0ecrieunBaer
pa3pelieHue mopsaKa
HECKOJIbKMX HaHOMeE-

A type of microscope
that uses electrons
instead of photons to
create an image of the
target. The short
wavelength of the
electron beam allows
nanometric resolution
as compared to
hundreds of nanometers
resolution using optical

beradi. TPOB microscopy.
A wetting agent that
. . Amdudunsiroe lower the surface
SI;.}()L?';:SSS;E” Amfifil modda bo’lib BEIIIECTBO, tension of a liquid.
aKTnBHl;e BeIECTRO yuzadan suyuqlik YMEHBIIIAOIIEe 1MO0- Surfactants are
Surfact;;t tortilishini kamaytiradi BEPXHOCTHOE amphipathic in nature
HATSDKEHHUE YKHIKOCTH. soluble in both polar
and non-polar solvent.
Manfiy zaryadlangan Krace mumuzos, A class of lipids that
C .S (6103 (S 07 %:1 11170, . .
. fosfat guruxlarini o’zida contains a negatively
Fosfolipid . . OTPHUIATETBHO
saglagan lipidlarning charged phosphate
Dochoaunuabl LS . 3apsikeHHbIe Gocdat- .
. bir sinfi. Biologik group. The main
Phospholipid HBIE TPYIIITbI, OCHOBHBIC

membranalarning
asosiy komponentlari.

KOMIIOHEHTBI
O6roMeMOpaH.

constitute of biological
membranes.




Foton
dDoToH
Photon

Elektromagnit nurlanish
bilan aloqador bo’lgan
hodisalarning paydo
bo’lishida gatnashuvchi
elementar zarracha

OnemeHTapHas
Oynakua,
00yCIIOBIMBAOIIIAS
SIBJICHUSI, CBSI3aHHBIC C
AIIEKTPOMArHUTHBIM
U3ITYYCHUEM.

The elementary particle
responsible for
electromagnetic

phenomena.

Fiksirlangan ionli
nurlar
CdoxycupoBaHHbIii
HOHHBbIH J1yY4
Focused ion beam

Fiksirlangan ionlar
to’plami ogsilli visual
va nanolitografik
tasvirni oluvchi ashob.
(odatda galiy ionlari)

WNHcTpymeHT mus
BU3YaIH3aluU U
HaHOJIUTOTpapuH C
Hcnonws3oBannem
c(hOKyCHpPOBaAHHOTO
My4Ka MOHOB (OOBIYHO
HMOHOB TaJIIus).

An instrument that uses
a focused beam of ions
(usually gallium ions)

for imaging and
lithography at nano-
scale resolution.

Coenunenue,
Suvga o’xshagan polyar pacTBOpUMOE B
eritmalarda eruvchi MOJISIPHBIX .
. A polar chemical
birikma va polyar PacTBOPUTEIISAX, TAKUX
. . , compound that prefer
Gidrofil bo’lmagan KakK BoJa, U
X . . polar solvent such as
I'uapoduiabHoe suyugliklarda erimaydi. HEPAaCTBOPHMOE B
water (from the Greek
(moJisipHoOE) (Yunoncha hydros- HETIOJISIPHBIX )
i~ s e hydros: water and
Hydrophilic suv” va philia- “sevgi KHUJIKOCTAX (OT rped, hilia: love). See:
so’zlaridan olingan) gan hydros - «Boga» u P Am. hi hiiic '
birikma. (amfifil | philia - «ro6oBs») (cm. PRIpRIIC.
birikmalarga garang) Amepugpunvroe
coeouHeHue).
Polyar bo lmgga_n Coenunenue, A non-polar chemical
suyugliklarda eriydigan pacTBOpuMOE B L
et et o compound, which is
va bog’ hosil qgiladigan HEMOJISIPHBIX
S repelled from a mass of
: birikma, suvda pPacTBOPHUTEIISAX U
il erimaydi. Gidrofil HEPaCTBOPUMOE B BOJIC water and prefer non-
I'uapododHoe , yel. , p p g polar solvents (from the
bog’larni lipofil bog’lar (ot rpey, hydros - .
(HemoJisipHOE) I Greek hydros: water
ham deyiladi. «Boma» u phobos - .
coeTMHEHME « and phobos: fear).
) (Yunoncha hydros- «CTpax»). ;
Aelriele suv ““ va phobos I'mapodoOHbIe Hydrophobic
. ”p . AP compounds are
gqo’rqmoq” so’zlaridan COCTMHEHUS TAKXKe )
) sometimes known as
olingan) Ha3BIBAIOT - e e
lipophilic”.
JTUTIO(UITLHBIMHU.
Suvdan iborat polimer (CeTb U3 OAMMEPHEIX A network of polymer
- MOJIEKYJI, HACBIIIICHHAS ) . )
. zanjir (99% dan chains which contains
Gidrogel ) Y IPEUMYIIECTBEHHO ;
ko’proq), ko’ pchilik . predominantly water
I'maporenn . BozOM (00BIYHO> 99 .
gidrogellar o (typically more than
Hydrogel %). BoBIIMHCTBO
nanostruktura . 99%). Many hydrogels
e TUAporenen 00aamaoT
ko’rinishiga ega. N show nano-scale order.
HAHOCTPYKTYPOH.
. . . B 6uoxumudeckom (In its biochemical
Biokimyoviy nugtai )
. , CMBICJIE - CTCTIEHD context): The share of
Gomologiya nazarga ko’ra DNK .
. CXOJICTBa high degree of sequence
I'omosorus molekulalari va U IR R
. . , .. | mocienoBatenbHOCTEl | identity or similarity in
Homology ogsillarning o’xshashlik "
. o monekyn JJHK u the DNA or protein
ketma-ketlik darajasi.
OEJIKOB. levels.
Grafit Yupga gatlamli uglerod Marepwuar, A two dimensional flat
I'padur atomlarining hosil 00pa30BaHHbII sheets of carbon (from

Graphite

bo’lgan material (

TIJIOCKUMHU CJIOSIMH U3

the Greek: to draw).




graphein- “yozmogq ")

aTOMOB yriepoja (oT
rped, graphein -
«IIHCATDHY).

Immunoglobulin
NMmyHOr/100y/1MHBI
Immunoglobulin

Antitanaga garang

cM. Aumumena.

See antibody

lon kanal
I/IOHHLIe KaHaJIbl
lon Channel

Ogsil molekulalari hosil

giladigan membrana
teshiklari makum
ionlarni (masalan,
natriyli yoki kaliyli
kanallar) transpotini
taminlaydi.

ITopsr B MeMmOpane,
00pa3oBaHHBIC
OETKOBBIMH
MOJIEKyJIaMH, 00e-
CIICYHBAOIIINC
TPaHCIIOPT
OTpe/IeICHHBIX HOHOB
(HarmpuMep, HaTpUEBBIE
1 KaJMeBbIC KaHAJIbI).

A membrane embedded

protein-made pore that

allow the transport of
specific ions (e.g.,
sodium channel or
potassium channel).

Kevlar
Kesaap
Kevlar

Aromatik
poliamidlardan tashkil
topgan judayam
mustaxkam tolalarning
bir turi. ( DuPont
firmasining mahsuloti)

dupMeHHOE Ha3BaHUE
(Bmamerner - pupma
DuPont) oxxoro u3
BHJIOB OYCHB MMPOYHBIX
BOJIOKOH M3
apOMaTHYECKHUX
IIOJINAMUIOB.

A brand name for a
particular light but very
strong aramid
(aromatic polyamide)
fibre (see also protein,
peptide, polyamide).
Trend name of DuPont.

Kontrast hosil
giluvchi modda

“Signal/shovqin”
munosabatini

IloBrImiaer
YYBCTBUTEIBHOCTh IIPU
BU3yaJu3alyy 3a CUET

An agent that increases
the sensitivity of a
given imaging

Koutp a:rTeI;[;ylomuu kﬁgbrizllqsgézgfr?ziin TIOBBIIIICHUSI _ technique tha_t
Contrast agent oshiruvchi modda OTHOLICHIA improving the noise to
' «CHTHAJI/TIIyM. signal ratio.
Modda solingan Kiacc nBurarenbHbIX | £ .
L mikrotrubkalar bo’ylab 0enKoB A class of motor protein
Kinezin . ’ that moves along the
xarakatlanuvchi ogsillar HepeMEIIA0IINXCS :
Kune3un o microtubules to
L sinfi. BJIOJIb MUKPOTPYOOUEK
Kinesin o transport cellular cargo
mikrotrubkalarga C TPYy30M (CM. .
” (also see microtubule).
qarang Muxpompybouxu,).
. .. XuMHuyecKkasi CBS3b,
Bir yoki bir necha hemical bond that i
elektronlarni ikki atom BO3HUKaromas nyreMm | AcC emical bon that Is
Kovalent bog’ bilan 000011IeCTBICHUS characterized by the
KoBanenTHasi cBsi3b muiassamlanishidan OJIHOTO WJIH sharing of one or more
Covalent bond kfe lib chigadiaan HECKOJIbKHX electrons between two
Kim oviq bog , 3JIEKTPOHOB IBYMS atoms.
YOVIY DOE - aTOMaMHu.
Noyob optik va HOH}:;p OB(T)HH;HQOBM A semiconductor
Kvant nuqta flyurosent hususiyatga HHPK};KHL}II{ZIMH nanostructure that have
KBanToBasi Touka ega bo’lgan yarim O};TH%CKHMH " unique optical
Quantum dot o’tkazuvchi struktura. and fluorescent
(bayopecieHTHBIMU i
8 properties.
CBOUCTBaAMMH.

Labaratoriya chipi
JlabopaTopus Ha ynne
Lab-on-a-chip

Juda kam hajmdagi
suyuqlik namunalarini(
bir necha pikolitr
hajmli) tekshiruvchi
asbob.

YcerpoicTBo it
aHaJIM3a OY€Hb MaJIbIX
(mopsiIKa HECKOIBKUX
MUKOJIUTPOB) 0O HEMOB

KHUJKUX 00pasIoB.

A device that is capable
of handling extremely
small fluid volumes
down to less than pico
liters of chemical

analysis of analytes.




Umuman aytganda-
silliq yuzani tasvirga
olish metodi. Mikro va

B o6miem cmpice -
METO/1 I1eYaTu Ha
[JIAJIKOM TTOBEPXHOCTH.
B xoHTEekcTE MUKPO- U

In general, a method for
printing on a smooth
surface. In the context
of micro- and nano-

Litografiya nanoelektronikada HAHOAJICKTPOHHKH - electronics. a method
Jlurorpadus nurlanish yo’li METO/ HAaHECCHUS for the at’ternin of
Lithography bilan(fotonlar, pPHCYHKa ITyTeM substrateg usin agmask

elektronlar yoki ionlar | o6ay4enus (boronamu, and source of r%diation
bilan) rasm tushirish AIIEKTPOHAMH WA (that could be photonic
metodi HMOHAMH) IO ITIOXKKHI d D€ photonic,
3aKpKITOl MACKOH electronic, or ionic).
Lipofil
ML T Gidrofob birikma Ludpogpotuoe see hydrophobic.

Lipophilic coeOuHenue.

Diametri tahminan 25 beicossie . .
HAaHOBOJIOKHA A protein nano-fiber

Mikrotrubka

nm bo’lgan uzunlgi bir
necha mikrondan bir
necha millimtrgacha

JIMAMETPOM OKOJIO 25
HM U JJIMHOU OT He-

with a diameter of
about 25 nm and length

MuxpoTpy6ouKku , CKOJIbKMX MHUKPOHOB 0 | varying from several
h bo’lgan (nerv .
Microtubule huiavrasinin HECKOJIbKHX micrometers to
Jayr 9 MUJLTEMETPOB (B millimeters in axons of
aksonlarida) ogsilli
aKCOHAX HEPBHBIX nerve cells.
nanotolalar.
KJICTOK).
Eukariot hujayralarning | [BurarenbHbiii Oeiok
harakatlantiruvchi IYKapPUOTHIECKUX A motor protein found
Miozin ogsili bo’lib aktiv KJICTOK, TIEpeMEIaeTCs in eukaryotic tissues
Muo3ux filamentlar tarkibiga BJIOJIb aK- THHOBBIX that moves along the
Myosin Kiradi. (butaMeHTOB (CM. actin filaments (also see
(aktin filamentga Axmunosulil actin filaments).
garang) ¢pmamenm).

Molekulyar biologiya

Molekulyar darajadagi
hayot hagidagi fan

Hayxka o »xu3Hu Ha
MOJIEKYJIIPHOM YpOBHE,

The study of biology at
the level of molecules

Mounekysipaasi bo’lib, kimyo, by the use of tools from
. . e MMpUMCEHAIOMAasA MCTOAbI -
ounoJiorust biokimyo, biofizika chemistry,
. . XUMHU, OMOXUMHHU U . .
Molecular biology metodlaridan biochemistry, and
- OMopU3UKH. . .
foydalanadi. biophysics.
CunbHOC U
. CIICHU(PHUYIHOC .
Molekulalararo kuchli g The strong and specific
. HEKOBAJICHTHOC
va spetsifik nokovalent . non-covalent
. B3anMOJACUCTBUEC . -
. 0’zaro munosabatlar interactions between
Molekulyar tanish " MEX/Ty MOJICKYJIaMH,
MoTekvIsbHoe bo’lib, barqaror oBeeeBaIOmIEe molecules that allow
3Haianﬁe nadmolekulyar o a3OBaHHHéI the formation of stable
Molec)l’JIar recognition komplekslar hosil CT211)6I/IJ'IBH0FO supramolecular
g bo’lishini taminlaydi HAIMOEKVIIDHOIO complex (also see
(nadmolekulyar A YIAP Supramolecular
kimyoga garang) KomILIeKca (CM, Chemistry)
' Haomonexynapunas '
Xumusi).
Bir biridan fizikaviy va HckyccTBeHHBIE An engineered material

Murakkab material
KoMmmno3urHblie
MAaTepHaJIbl
Composite material

kimyoviy hususiyatlari
bilan farqg giluvchi ikki
yoki undan ko’proq
kompanentlardan

MaTepHaIbl, CO3JaHHbIC
U3 IBYX WK Oolee
KOMIIOHEHTOB,
CYIIECTBEHHO

that is composed of two
or more constituent
materials with
significantly different




yaratilgan sun’iy
materialdir. Ularni
tashkil giluvchi
dastlabki komponentlar
bir birlari bilan
aralashmaydilar va

paSJII/I‘-IaIOH_[I/IXCH 110
(bU3UYECKUM U
XUMHUYCCKUM
cBoiictBaM. McxonHbie
KOMITIOHCHTHBI HE
CMEIINBAIOTCA U

kompozit materiallar CTPYKTYpPHO
tarkibida strukturaviy | oGoco0ieHsl B cocTaBe
aloxida holatda KOMIIO3UTHOTO
bo’ladilar. MaTepuaa.

physical or chemical

properties and which
remain separate and
distinct within the
finished structure.

Monomer
Monomep
Monomer

Kichik molekula,
boshga monomerlar
bilan kimyoviy
bog’lanib polimerlar
hosil qgiladilar.

HeGobiast MoJiekyiia,

KOTOpasi, CBSA3bIBASICH C

JIPYrEMHA MOHOMEpaMH,
o0Opa3zyer monumep

A small molecule that
could be chemically
bonded to other
monomers to form a
polymer.

OO0J1acTh XUMUH,

A field of chemistry,

Nadmolekulyar kimyo | Kimyoning nokovalent U3yyaroras which is concerned,
HaamousiexyJsipaas komplekslar- “yuqori obpa3zoBaHue with the formation of
XHUMHS molekulalar” hosil HEKOBAJIEHTHBIX non-covalent chemical
Supramolecular bo’lishini o’rganuvchi KOMILJICKCOB - complexes,
chemistry soxasi. «CBEPXMOJICKYJID. supramolecules.
[IpumeneHue The use of

Nano-qishlog xo’jaligi
Hano-ceabckoe
X031 CTBO
Nanoagriculture

Nanotexnologini
qishloq xo0’jaligida
ishlatilishi.
(chorvachilik va
o’simlikshunoslikda)

HAaHOTEXHOJIOTUH B
CEJIbCKOM XO35I1CTBE
(’KUBOTHOBOJICTBE U

pPacTEHHEBOCTBE).

nanotechnology of
agriculture purposes,
including animal and

plant applications.

Nanobiotexnologiya.
Hano0uoTexHo10rus
Nanobiotechnology

Biologiya va tibbiyot
muammolarini
yechishda
nanotexnologiyadan
foydalaniladigan fan.

Hayka o npumenenun
HAaHOTEXHOJIOTUH JUIs
pelieHus 3aaau
OMOJIOTUN U METULIUHBI.

The use of
nanotechnology for
biological and medical
applications.

Ugleroddan va boshga TpyOuarsie A tubular structure at
Nanokanal organik va noorganik HAHOCTPYKTYPBI U3 the nano-scale could be
v Dydas materlallar(_zlan yrepoja u Apyrux pompos_ed of carbop,
Nanotubes taworlanadlgan OpPraHUYECKHUX U inorganic, or organic
g’ovurchali HEOPraHUYECKUX materials (also see
nanostruktura. MaTEepPHAJIOB. inorganic, organic).
The use of
Nanotexnologiyani Hcnons3oBanue nanotechnology for

Nanokosmetika
HanoxocMmeTHuKka
Nanocosmetics

kosmetikada
foydalanilishi, masalan
liposomalarda faol
birikmalar yetkazib
berish uchun ishlatiladi.

HAHOTEXHOJIOTUH B
KOCMETHUKE, HaIlpUMeD,
JIATIOCOMBI CITYKaT JJIs

JTOCTABKH aKTHUBHBIX

BEILIECTB.

cosmetic application
such as delivery of
cosmetically active
compounds in
liposomes or other
nano-scale carriers.

Nanometer
Hanomerp
Nanometer

Metrning milliondan bir
gismi (10~° m).

(HM) MUJUTHOHHAS JTOJISI
metpa (10~° m).

(Abbr nm): 1 billionth
or 10-9 meter.




Nokovalent bog’

HexoBajieHnTHAA CBA3DH

Non-covalent
interaction

Kimyoviy bog’, unda
elektronlarni atomlar
bilan to’planishi sodir
bo’lmaydi. Gidrofob
bog’, vodorod bog’,

Vandervals o’zaro

munosabatlar ham
nokovalent bog’larga
kiradi. (kovalent bog’ga
garang)

XuMHuueckasi CBSI3b,
Py KOTOPOH HE
MPOUCXOTUT 0000IIeCT-
BJICHHE 3JIEKTPOHOB
aromamu. K
HEKOBAJICHTHBIM
OTHOCHUTCS
oOpaszoBaHue
BOJIOPOJIHBIX CBSI3€EM,
rusipooOHbIE U
BaIlJIepBaaIbCOBBI
B3aUMOJICHCTBHS (CM.
Kosanenmmnas c6s3v).

Waals interactions (also

Chemical interaction
that do not include
sharing of electrons

between atoms. Non-
covalent interactions

include hydrogen
bonds, hydrophobic
interaction, and van der

see covalent
interactions).

Nuklein kislota

Nukleotidlardan tashkil

[Tonumepsl, cocrosnue
u3 mykieotuaos (JJHK

Polymers composed of
nucleotides, either DNA

Self-Assembly

hosil bo’lishi.

HyxkJienHoBBIE topgan polimer birikma:
; or RNA (also see DNA,
KHCJIOTHI DNK yoki RNK. wi PHK). nucleotide, RNA).
. : OcHoOBHEIE The main constitutes of
DNEO\rﬁplzrll\lel;{:;:}SOSIy kommoreHnThl JJHK u DNA and RNA, a
Nukleotid nukleotid azotli asos, PHK. Hyicneorin chemical compound
HyKTeoTHIBI shakar va bir yoki BKJIFOYACT a30TUCTOC that consists of a
y undan ortia fosfat OCHOBAHME, caxap heterocyclic base, a
XD 0z iC?li a oladi OJIHY UJIM HECKOJIBKO sugar, and one or more
& & dochatHbIX rpymil. phosphate groups.
O’zini Oddiy qurilish CrnioHTaHHOE si'r‘; plreogisi? dtl)r)l/ V\g;:)i:hks
shakllantiruvchi ogsillaridan murakkab | oGpa3zoBaHue CIIOXKHBIX inter%ct with ea?ch other
Camocoopka strukturani birdaniga CTPYKTYP U3 HPOCTHIX to form a complex of

CTPOUTEIIbHBIX OJIOKOB.

higher complexity.

Oqsil
Beakn
Protein

40-50 yoki undan
ko’proq
aminokislotalardan
iborat polimer zanjir.
Yirik ogsillar minglab
aminokislotalardan
tuzilgan.
(peptidlarga garang)

JITMHHBIE TTOJIMMEPHBIC
mostekybl u3 40-50 u
Oonee
AMHHOKHCIIOTHBIX
ocraTkoB. KpymHbie
OEJIKH COCTOST U3
TBICSTY aMUHOKHCIIOT
(cm. Ilenmuowi).

A long polymer
composed of 40-50
amino-acids or more.
Large proteins can
contain thousands of
amino acids (see also
peptide).

Pastdan-tepaga
Bottom up
IMpuHuMn «cHU3y
BBEpX»

Oddiy bloklardan
boshqarilgan yo’l bilan
murakkab
strukturalarning hosil
bo’lishi/
(“Tepadan pastga™
prinsipiga garang)

OO6pazoBaHue CIOKHBIX
CTPYKTYp IIyTEM
KOOPJMHUPOBaHHON
cOOPKHU MPOCTHIX
650k0B (cM. Ilpunyun
«CBEPXY BHU3Y).

A process that is based
on the formation of
complex structures by
the coordinated
assembly of simple
building blocks

Peptid nuklein
kislota
IMenTuano-
HYKJICHHOBBIE
kuciaorel (PNA)
Peptide nucleic acid
(PNA)

DNK yoki RNK ga
o’xshash polimer,
ammo peptidli karkazda
“yig’ilgan”.

ITonumepsl,
HanomuHaromme JJTHK
u PHK, HO
«coOpaHHBIE» Ha
MENTUAHOM KapKace.

A polymer similar to
DNA or RNA but
differing in the
presence of an amide
backbone.

Peptid
IlenTuabl
Peptid

Ikki yoki undan ortiq
aminokislotadan tashkil

KopoTkue nmonumepsl
U3 IBYX U Ooiice

Short polymers
composed of two or

topgan gisga polimer.

MOJICKYJI aMUHOKHUCJIOT

more amino-acids (also




(ogsillarga garang) (cMm. Benxu). see protein).
Hli)/llligl:’ln:JIIb Konsentratsiyasi 10 10 2 vors A concentration of 10-
Picomolar molyar ' 12 Molar
Peptid bog’lar orqali [Tomumep, B KOTOPOM A polvmer that contains
bog’langan MOHOMEPHI CBSI3aHbI poly -
- monomers joined by
monomerlar. Poliamid HETITHIHBIMU . ;
.. : s peptide (amide) bonds.
tabiiy ogsil va peptidni | (amugHBIME) CBS3SIMU. SO
. \: Polyamide includes the
L shuningdek, sun’iy Bxrouarot npupoiHbie .
Poliamid . natural protein and
materiallar neylon, Oenku u )
IMoauamug . peptide but also the
Polyamide Kevlar va peptid HCKYCCTBEHHBIC artificial Nylon
nuklein kislotani 0’z MaTepuabl, TAKUE Kak g’
. . . . Kevlar®, and peptide
ichiga oladi. (ogsillar, | kesmap, Heitmon u PNA leic aci |
peptidlar, kevlarga (eMm. benxu. I[lenmuowi nucteic a.ICIdS (a.so see
garang) Kesnap) protein, peptide,
' Kevlar).
Klmyoyly kqvalent KpymHast Mosiekyiia u3 A large molecule
bog’lar bilan o .
, MMOBTOPSFOIIUAX CSI consisting of repeating
. bog’langan .
Polimer monomerlarni enuHuI] (MOHOMEPOB), structural units, or
IMostumep ... CBSA3aHHBIX monomers, connected
takrorlanuvchi yirik ;
Polymer molekulasi KOBaJICHTHBIMH by covalent chemical
(kovalent bo , 3 CBA3IMU (CM. bonds (see also
garang) g9 Kosanenmnas ces uo. covalent bond).
_ _ Monosaxaridlarni [Momumep u3 mostekyn | A polymers composed
Polisaxarid o . ) MOHOCaxapH/I0B, of monosaccharides
odicaxan glikozid bog’lari orqali oined
pua 5 . COCIMHECHHBIX J
. bog’langan polimer -
Polysaccharide birikma TJIMUKO3UIHBIMU together by glycosidic
' CBSI3SIMU links
Hanmonexynspaas
Umumiy o’q atrofida CTPYKTYpa U3 IByX A supramolecular
o’ralgan mos strukturali crMpaei ¢ structure composed of
.. ikki spiralli COTJIACOBAHHOM wo congruent helices
Qo’sh zanjir Kk ! t thel
JBoitnas cn ijam) nadmolekulyar CTPYKTYPOid, with the same axis,

struktura. Qo’sh spiral —

' 3aKpY4YEHHBIX BOKPYT differing by a
Boilel @ 18 DNK molekulasining oOeit ocu. /IBoitHas translation along the
0’ziga Xos crimpais - xapakrepHas | axis. DNA has a double
strukturasidir. CTPYKTYpa MOJIEKYJT helix structure.
JTHK.
Metastazlar hosil ['pymnma 3a0oneBaHui, A class of diseases or
bo’lishi bilan va XapaKTePHU3YIOIINXCS disorders that is
Rak hui . o .
Pax ulayra}la(nlng tgrtlbglz 0ECKOHTPOJIBHBIM characterlzeql b_y_the
Cancer bo’linishi orqali hosil JIEJIEHUEM KJIETOK U uncontrolled d|V|§|on of
bo’ladigan kasalliklar o0Opa3oBaHHEM cells and formation of
guruhi. METaCTa30B. metastases.
Ribosoma ' Ogsil sinteziga Knerounas opranemna, | An organelle in cells
PuGocoma javobgar _bo’lg:cm RNK | cocrosimas u3 PHK u Comp_osed of RNA and
. va ogsildan iborat OenkoB; obecnieurBaeT | proteins that allows the
Ribosome hui . . :
ujayra organellasi CUHTE3 Oenka. synthesis of proteins.
RNK (Ribonuklein kislota) (PubonyksenHoBas Ribonucleic acid A
PHK monomer KHCJIOTA) nucleic acid polymer
RNA nukleotidlardan tashkil

[Tonumep u3

consisting of nucleotide




monomers. mMRNA is

topgan polimer,
informatsion RNK ogsil
sintizi uchun DNKdan
axborot tashiydi,
bundan tashgari RNK
struktura va signal
funksiyasini bajaradi.

MOHOMEPOB
HykaeotunoB. Mudop-
maruonHas PHK
MIEPEHOCHUT
unpopmanuto ot JTHK
IUIA CUHTe3a Oelka,
PHK Tax:xe BBITTOJHSICT
CTPYKTYPHYIO ¥
CHUTHAJIBHYIO (DYHKITHH.

transcribed from the
DNA to serve as the
code for the synthesis
of proteins. RNA can
also serve as a
structural and
regulatory component.

Technology that is

Suv texnologiyasi
Boanblie TexHOJI10ruu
Water Technology or

Ogava va turib golgan
tabiiy suvlarni tozalash
texnologiyasi

TexHooruu O4YNCTKU
CTOYHBIX M ONPECHEHUS
MIPUPOJIHBIX BOJI.

associated with the
treatment of water such
as desalination and
sewage treatment.

bo’lgan struktura.

WaTech
Bir molekula tarkibida IO MED. COCTOSLL A polymer formed by
Sopolimer ikki yoki undan ortiq 3 1B E,Gonee TLHHOB two or more different
Conosimmep monomer turlarini MgHz;e OB B 01O types of monomer that
Copolymer saglagan polimer. p A are linked in the same
MOJIEKYIJIE. .
chain.
Bakteriya va arxeylar CtpykTypa, A cell membrane
S gavat Xujayra membranasi aCCOLIMMPOBAHHAS C structure composed of
S-clla or bilan assotsiyalangan | kierounoii MeMGpaHoi protein and
S-c.ﬂ):)i/i ogsillar va OakTepwii U apxei, glycoprotein that is
glikoproteinlardan xosil | o6pasoBannas 6enkamu | found in bacteria and
archaea.

W TJIMKOIIPOTCUHAMMU.

Murakkab
sistemalarning
miniaturizatsiyasi

Tepadan-pastga bo’lib komponent

MuHunatopuszanus
CJI0KHBIX CUCTEM
IIyTEM YMEHBIIECHUS

A process that is based
on the miniaturization
of complex system by

topgan biologik
sistemalarning
shakllanishi

TkaneBass HHKEHEPUHA
Tissue engineering

Top-down ‘lehamlarini A3MEDOB HX
IMpuHIUN «CBEpXy o ‘chamiatinl P p sizing-down of its
kamayishidir ( KOMITOHEHTOB (CM.

BHU3» . components (also see
pastdan — tepaga Ipunyun «cruzy bottom up)
jarayoniga garang) 88epx»). '

To’qimalar KoncrpynpoBanue The ability to engineer
To’qima inlenerligi yig’indisidan tashkil | Omonormueckux cucrem | biological systems at
Ha TKAHEBOM yPOBHE the level of a tissue

OpraHu3aIu

rather than cellular or
sub-cellular

Eng mayda parazit
organizm, DNK yoki

o’ralgan. (bakteriofag

RNK molekulalaridan

Virus
Bupyc tashkil topgan ogsil
Virus yoki lipidli gobiq bilan

COCTOHT U3 MOJEKYT
JHK nnu PHK B
OEJIKOBOH WIIH
JIMITAAHONA 000JI0YKE

Menpyaiiimmil napasur,

A parasite composed of
DNA or RNA molecule
that wrapped in a
protein capsid or lipid
envelope (also see
bacteriophage).

ga (cm. Bakmepuoghae).

garang)
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