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Kupum

Jlactyp V36exucron Pecny6mukacu Ilpesumentununr 2015 iimn 12
uiongaru “Onuii TabJIUM MyaccacajJapUHUHT pax0ap Ba MeJaror KajapiaapuHu
KaiiTa Taii€pail Ba MaJakaCHHHU OLUMPHILI TU3UMUHU SHAJa TAKOMHJIIAIITHPULI
yopa-tagoupiapu Tyrpucuna’tu I[1D-4732-counmu, 2017 #mn7 ¢eBpangaru
“V36eKucToH PecnnyOnukacuHu siHaja pUBOXKJIAHTUPHUI OYyiimda Xapakatiap
crparerusicu tyrpucuaa thu 11P-4947-connmun ®dapmonnapu, myHuHriaek 2017
vun 20 anpenaaru “Onuid TabJUM TU3UMUHHU SIHaJla PUBOXKJIAHTUPHUILN 4YOpa-
tapgoupnapu Tyrpucuaa’tu [1IK-2909-connmu kapopu xampga 2019 iiun
27 apryctaaru “Onuil TabIMM Myaccacaiapu pax0ap Ba meaaror KajapJiapuHUHT
Y3JIYKCH3 MajlaKaCUHU OIIMPHUII TU3UMHUHM KOpUM 3TUII TyFpucuaa tu [1D-
5789 — connmu Papmonuga OeiruiaaHraH yYCTyBOp Basudanap Ma3MyHHUIAH
Kenub YMKKaH Xoyija Ty3wiraH O0yiauO, y Oiuil TabiIuM Myaccacajapu Meaaror
KaIpJapuHUHT KacO Maxopard XamjJa HHHOBAIlMOH KOMIIETEHTIMTUHU
PUBOKJIAHTUPHIIL, cOXara OWJ WIFOP XOPMXKHM TaxkpubOanap, ssHTU OWUIIMM Ba
MajakajapHU  V3JAIITHPUILN,  [IYHUHIZEK  aMaiuérra  KOpUM  3TUII
KYHUKMaJIApUHY TAKOMUJUTAIITUPUIITHU MaKcaa KAJIau.

Ma3skyp AacTyp pPUBOXKJIAHTaH XOPWKAWM JABJIATIIADHUHT OJIMM TabJIMM
coxXacujla JpUIIraH IOTYKJIapu XamJla OpTTUpraH TaxpuOanapu acocujaa
“buosiorust” KaWTa Tali€praml Ba Majaka OWIMPHUIL WYHAIMIIUM YYYyH
Tall€piiaHraH HaMyHaBUM YKYyB peka xamja JacTyp Ma3MyHHUJIaH KeIuO YUKKaH
X0Jila Ty3wiran OYynu0, y 3aMOHaBHU Tajabiap acocujaa Kalta Tai€pnaimn Ba
Majaka OIIMPUII >KAPAaEHJAPUHUHI Ma3MyHMHM TAaKOMWUIAIITUPHIIL Xamzaa
OJIMH TabJIUM Myaccacajapy MeJaror KaapJapuHUHT KacOUl KOMIETEHTIUTUHU
MYHTa3aM OMIMPUO OOPUILITHU MaKCaa KUJIAIH.

Kamusar tapakku€étu HadakaT MamiakaT HKTUCOAUN CaJOXUSTHHHHT
IOKCAKJIUTU OumaH, 6anku Oy caJoxXusT Xap OMp MHCOHHHHTI KaMoJI TOTHIIHU Ba
YUFYH PHBOXJIAHMIINIA KAaHYAIMK WYHAITUPWITAHJINIYA, WHHOBALUSJIAPHU
TaAOMK OTWITaHIUr OuiaH xam YyinyaHaau. Jlemak, TabjiuM THU3UMU
caMapaJIopJIMTMHU OLIMPUII, MEJAroriapHd 3aMOHAaBHM OMJIMM XaMmJia aMajuii
KYHHKMa Ba MaJlakanap OWJiaH KypOJUIAaHTHPUII, YET 3J1 WIFOpP TaxpuOaaapuHU
YpraHuil Ba TabJIUM aMajJUETUra TaJAOWK STUII OYTryHTM KyHHUHT J0J3ap0
Bazudacuaup. “BUOTEXHOJOTUSHUHT J0/3ap0 MyaMMoJapu Ba IOTYyKJIapu’
MOZYJIA ailHaH MaHa [y NYHAIMIIJIard MacaJIaJIapHU XaJ 3THUIIra KapaTUJIraH.

Ymby nactypna OMOTEXHOJOTUSIHUHT J10J13ap0 MyaMMOJiapy Ba IOTYKJIapH,
HaHO3appayvaJapHUHT XYCYCHSTIApH, HAHOOMOTEXHOJOTUSHUHT MYHaIHUIIIapy,
Typau OHOYMIUIAp, HAHOPOOOTIAp Ba HAHOYMI THU3UMIIAPH XaMmJa YJIapHU
SpaTHUI yCYJUIapu, HAHO3appadaJlapHUHT OJIUIITHU, OMOJIOTUK (aos MOdaIapHH
HaHOKArCyJlal ycyiapu, OMoiaoruk ¢Gaos MoaganapHu GaoUIMTUHU aHUKTAIl
yCyJulapu, HAHOOMOTEXHOJIOTUSIHN XaJK XYy)KaJIWTuaAa Ba THOOMETAA KYIUTAlTHU
3aMOHaBUI X0JIaTH Ba MyaMMOJIapu KaOuiap 0aéH 3TUJITaH.



MoayaHMHT MaKcaau Ba Basudaaapu

“BHOTEXHOJOTUSIHUHT n0Ja3apo MyaMMOoJ1apH Ba
IOTYKJAPpW’MOAYJMHUHI MAaKCaAM: IEJaror KaJpjapHH KaiTa Taiépriaml Ba
Majaka OIIMPHUII KypCH THHIJIOBUMJIAPUHU HAHOCTPYKTypara osra Oyirax
HaHOMAIIMHAJIap Ba MOJIEKYJIAJapHUHT 0ab3U XYCYCHUSITIAPHUHA OHMOTEXHOIOTHK
o0bexkT cudaTuaa Xamaa TeH, OKCWJI Ba (EepMEHTIAp MyXaHIUCIUTH
yCYJUIapUaH  MHUKpPOXaXM  Japaxacujaa  (¢oijamaHuiira  ypratuuiiaHd
nboparaup.

Tunrnosumnap ymoOy ¢gannu y3namtupuil 0opacuja HaHO3appadyaiap Ba
HaHOMaTepuaUlapHu 0ab3u OMOJIOTMK JKapa€Hiapaa KyJulaml, IOTEHLIHAI
Ouonoruk xaB(), HAHO Ba OHOCTPYKTypaJlapHHM KOMIIBIOTEP  OpKajH
JIU3aliHIApUHY SpaATHIL, MOJIEKYyJAaTapHU MOJEIIAI, HAHO-OMOCTPYKTypalapHu
Ovp ManbOara jkamijall, HAHOKYpPWIMAJAap Ba HaHOMIUIAHMAJap spaTull,
OroMarepuaiap Ba YpruMyakKCUMOHJIAPHU TYpHUra yXIIall OKCHUIUIAp acocuia
OuomaTepuaiap SpaTuill, TypJd KacaJTUKJIap JTUAarHOCTUKAacu Ba 0ab3u (aon
JOPUBOP MOJJAJapHM KEpakidM MaH3WIra eTKa3uil KaOu TEeXHOJOTHUK
x)apa€Hiap TYFpUCHAA KEpakiau OuimMmra 3ra oyiaaunap.

Moayanunr Bazugaaapu: “buoTeXHOJOTUSHUHT J0J3ap0d MyamMmoJapu
Ba IOTyKIapu~ (aHMHU YKUTHIIHUHT Ba3udacHu, MeAaaror KajpjapHU KanTa
Tali€piaml Ba Majaka OIIMPHUII KypCH THHIVIOBUMJIADUIa XO3UPrd 3aMOH
HaHOOMOTEXHOJIOTUACH XamJia yJapra uerapajou oyiarad (annap roTykjaapura
acocjaHraH XoJila HaHo3appauyajap acoCHAa SIHTM TEXHOJOTMK >Kapa¢Hiap
paTUIl Ba HAHOOMOTEXHOJIOTHUS Ha3apUsCUHUHT  acocylapuiaH Oujum
Oepumigan uboparaup. Xo3upru KyHzaa Oy COXaHM »Kalal cypbamiapaa
PUBOXKJIAHUIIM ~ HAaTWXKacula, 3aMOH Tajabura xkaBoO Oepa osaguras
MyTaxaccuclapHu Tai€pmam Tamad stunMokga. Iy caGabmu  memaror
KaJpJapHU KaiiTa Tail€piam Ba Majaka OIIMPUII KypCH THHIJIOBUMIJIApUTA
HaHO3appaydajapJaH OMOTEXHOJOTHK >kapa¢Hinapnaa QoiganaHuil HyIapuHu
oun® Oepwill, 3aMOHABHI WJIMHM TTEIarOTHK Kajpiap Taiépmnamra Epaam Oepaan
Ba Oy (anHm Owonorus Ba yHra Typaomn Oynran (anmap coxamrapuja meaaror
KaJpJlapHi KaiTa Tal€piaml Ba Mallaka OUIMPUII Kypcuaa OwiuMm ojaérraH
TUHTJIOBUMJIApTa YpraTHIl 3aMOH Tajabura MyBOQUKINITHM OWiIaH axpanud

TypaJiu.

Moays 0yiin4a THHIJIOBYMJIAPHUHT OMJIMMHU, KYHUKMACH, MAJIaKaCH
BAa KOMIIeTEHUUSJIAPUTa Ky HIWJIAAUTaH Tajgadaap
“BUOTEXHOJOTUSIHUHT J0J13ap0d MyaMMoJiapu Ba HOTYKJIapu KypCHUHHU
Y3IamTUpUII kapa€Hula aMmaira OMMpUiIaurad Macanaiap Joupacuas
Tunriouu:
- OMoNoTUsAaH: MUKPOOHMOJIOTHS Ba BHUPYCOJIOTHSI, TEHETHKA, MOJICKYJISIP
owonorus, OwokumE, Omodusmka, Qusnonorus, OOTaHMKA Ba 300JOTHUS
KOHYHUSITJIApU XaKUAa OUIUMU KEPAK;



TuHriaoB4yu:

- OnokuMénan - (EepMEHTATUB peaKIMsIap MEXaHU3MIIApH, UIILUIAII
xKapaéHiapu; Xyxkaipa OuoyoruscujgaH - Xykapa TY3WIHILIH, XyKaWpanaa
aCoOCUM JKApACHJIADHHUHI KEUYHWILIH, XYXXKaWpaJapHUHI KyNauuIlv; MOJIEKYyJap
ouonorusinan - JHK Ba PHK Tty3unumm, TpaHckpumiusi, TpaHCISLIHS
KOHYHJapHu, pUOOCOMANapHUHI  TY3WIWIIM, TEHETHK KOJ, CTpPYKTypa
3JIEMEHTIIAPU XaKU/1a €Tapiau KYyHUKMaaapuza 3ra OYINILIYT JI03UM;

Tunriaosuu:

- MOJIEKYJIsIp ~ OMOJOrMsl Ba  HAHOTEXHOJIOTUSHUHI  OWpraaukiaaru
KECHULIYBJIAPUHU TaJKUK KWINII;, HAaHOOMOTEXHOJIOrusAra OMJl TaxxpuOanapHu
00 OOPUIITKOMIIETEHUMSIJIAPHH 3TaJIJIAIIH JTO3UM.

Moay/THM TAIIKKHJI 3THII Ba YTKA3WII 0yiiM4a TaBcUsijiap

“BHOTEXHONOTUSHUHT J0N3ap0d MyamMmojapu Ba IOTyKJIapu~  Kypcu
Mabpy3a Ba aMalliii MAIIFyJI0TIap MaKIuaa oJub Oopumaiu.

KypcHn yxutum xapaéHWaa TabIMMHHUHT 3aMOHAaBUM METOJJIApH,
NEAaroruK TEXHOJIOTHUsJIAp Ba axXxOOpOT-KOMMYHMKAIUS TEXHOJOTHSIIapU
KYJUIAHWUJIMIIN Ha3apa TyTUITaH:

- Mabpy3a Japciaapuia 3aMOHABUM KOMITBIOTEP TEXHOJOTHsIIApH EpAaMuia
IIPE3EHTALMOH Ba MIEKTPOH-AUAAKTUK TEXHOJIOTHUIApaH;

- YTKa3WilaJAurad aMaJiid MalFyloTiapia TEXHUK  BOCUTalaplaH,
IKCIIPECC-CYPOBIIAP, TECT CYPOBIAPH, AKIUN XYKYM, TYPyXJIH (PUKpIall, KHUUK
rypyxJiap OujiaH “iulall, KOJJIOKBUYM YTKa3ulll, Ba OOIIKA HHTEPAKTUB TabJIUM
yCYJUIAPUHHM KyJIJIall Ha3ap1a TyTHIIAaIu.

Moay/JIHMHT YKYB peskagaru 00mKa MoayJ/uiap Oujiad OOFITUKJIUTH Ba
Y3BUHIJINTH

“BHOTEXHOJIOTUSHUHT J10/13ap0 MyaMMOJapu Ba IOTYyKJIapu’ MOAYIH
Ma3MyHH YKyB pexanaru ‘“buorexHonorus” Ba “buokumé” yKyB MOIyJiapu
OunaH y3BUIl OOFJIAaHTaH XOJAa MEJarorjJapHUHT HaHOOMOTEXHOJOTHUSIIApHU
UIUIad YMKUII Ba KyJutam Oyitnua kacOui meaaroruk Tanéprapiuk n1apakacuHu
OLIMPUIITa XU3MaT KWUJIAJIH.

Moay/JTHUHT 0JIMH TaAbJIAUMMAATH YPHU
Moaynuu Y3nammTUpUILI OpKaJH TUHIJIOBUMJIAP 3aMOHaBUI

OMOTEXHOJIOTHS1a HaHO3appadaJIapHUHT YPHUHU TaxXJIWJ ATUILL, aMaijia KyJulanl
Ba OaxoJialira oup Kacouii KOMIETEHTIIMKKA 3ra Oynaaunap.



MoayJ 0yiin4a coaTyap TAKCUMOTH
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1. | HanoOuorexnonoruss -  Owionoruss  Ba 4 2 2 -
OMOJIOTUSIHUHT ~ PUBOXJIAHUIIMHU  SIHTU
OOCKHYH.
2. | JHK MoyleKyJacMHUHT  CTPYKTypacH Ba 6 2 2 2
XoccaJlapu acochia HAHOOMOTEXHOJIOTHSIIIAP.
3.|I'eH  WHXEHepUsACH yCyJIM  acoCUIaru 6 2 2 2
HAaHOTEXHOJIOTHUsLIAPp.
Kamn 16 6 6 4

HA3APUI BA AMAJIMA MALUFYJOTJAP MA3SMYHHU
1-maB3y:HaHoOu0OTeXHOJIOTHS - OWJI0JIOTHSI BA OHOJOTUSIHUHT
PUBOAJIAHUIIMHA AHTH 00CKUYH.
HanoOuorexHosnorust - Ouosiorusi Ba OMOTEXHOJIOTHSI PUBOKIAHUIIIMHUHT
ssHTYA O00cKu4K. HaHOyHEHN TaIIKIIT KHUTyBYH OMOMaKpOMOJIEKYJIajap.

2-maB3y: /THK MouieKy/JaCHHUHT CTPYKTYPACH Ba X0CCAJIAPH
aCOCHIATH HAHOOMOTEXHOJI0T Usl.
JHK  monekynacMHMHI  CTpyKTypacu Ba  XOCCaJlapd  acocuaa
HaHOOMOTEXHOJIOTUsIap:

3-maB3y: I'eH MH:KEHEPHUACH YCYJIHN ACOCUAATH HAHOTEXHOJIOTUSLJIaP.

['en  wWHXEHepWsACH  yCyJdd  acoCHUAArd  HAHOOMOTEXHOJIOTHSIIAP.
CyOxyxaiipa (HaAMOJEKYJsIp) Japakaja  TallKWil  KWIMHTAH — TUPUK
CHUCTEMAJIApHUHI  HAHOOMOTEXHOJOTUsJapu. XaéTHUHI  MPOKAPUOT  Ba
Xyx)anpacus HIaKJUIapuaH, HAHOKOHCTPYKIHMLIAP Ba
HaHOOMOTEXHOJOTUsIIapAa  doigananuml. buopeakropiap Ba
OrokaTaiu3aTopiap HaHOOMOTEXHOJIOTHsIIAP/A.

YKUTHUII HAKJIJIAPH
Maskyp MOoays Mabpy3a Ba aMaliuii MaIIFyJoTiaap maKiuaa oaud Gopuiaiu.
Kypchau Vxutuin >xapa€éHuga TabJIMMHUHT 3aMOHABHM MeToajapH, ax0opoT-
KOMMYHUKAIUS TEXHOJIOTUSIapU KYJUTAaHWINILN Ha3apJa TYTUJITaH:
- Mabpy3a Japciapuja 3aMOHAaBHI KOMIIBIOTEp TEXHOJIOTHsUIapu EpAamuaa
MPE3EHTALMOH Ba AJIEKTPOH-AUIAKTUK TEXHOJIOTHsIIapaH;




- YTKa3WIAJAWIaH aMajiud MAIIFyJIoTiIapAa TEXHUK BOCUTANIApAaH, DKCIpecC-
CYpoOBIap, TECT CYPOBIAPH, AKIUN XYKYyM, TYPYXJU (PUKpIIAII, KHYUK TYpyXJiap
OunaH wWIUIaml, KOJUIOKBUYM VYTKa3Wil, Ba OOIIKAa WHTEPAKTHB TabIUM
yCYJUIAPUHHU KYJUTAIl Ha3apaa TyTUIadu.
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II. MOAYJIHUA VKATUIIJIA ®OWTAJIAHUIATATAH
WHTPE®AOJI TABJIMM METO/JIAPH.

“JlaBpa cyxoaTu’’ MeTOaH

Alinana cron arpoduaa OepwiraH MyaMMoO €KUM caBoJUIap Io3acuiaH
TaBJIUM OJYBUMJIAD TOMOHHUJAH Y3 (PUKP-MYJ0Xa3alapuHU OWIIUPHUII OPKAIU
oJi0 GopuIaauraH YKATHUIIT METOTATUD.

“JlaBpa cyx0aTu” METOIU KYJUIaHWJTaHJa CTOJ-CTYJUIAPHU J0Upa IaKIuaa
XKoOWnamTupuil kepak. by xap Oup TabauMm OMyBUMHHUHI Oup-Oupu OmianH “ky3
anokacu HU YpHaTHO Typummra €paam Oepaau. JlaBpa cyxOaTWHUHT OF3aKH Ba
¢3Ma makiuiapu MaBxyaup. Or3aku gaBpa cyx0aruia TabiuM OepyBUM MaB3yHU
Oommad Oepaau Ba TabAuM OJyBUWJIapAaH ymoOy caBon Oyitmya V3 ¢ukp-
MyJIoXa3aJlapyuHu OWJIIUPUIILUIAPUHU CYpaiii Ba aiyiaHa OViinad xap Oup TabIiuM
OJTyBUU ¥3 (PUKp-MyJOxa3ajapuHu or3aku O0acH staaunap. Cy3naérraH Tabiaum
OJlyBUMHHU Oapua AMKKAT OWJIaH THHIJIAMIM, arap MyXxoKama KWJIHII JIO3UM O¥Jica,
Oapua Qukp-mynoxazanap THHTIAHUO OYJIWHTaHAAH CYHT MyXOoKama KUJIMHAIH.
By sca TabnuM onyBUMIIApHUHT MYCTaKWJ (PUKpIIANIUTa Ba HYTK MaJaHUSITHHUHT
pUBOXIIaHUIINTA Ep/iaM Oepaiu.

-

2

benrunap:
1-Tabamm onysunnap
2-alinaHa cton

O

N
\D
/>

Sl

JlaBpa CTOJMHUHI TY3UWJIMACH
Esma nmaBpa cyxatupa CTON-CTy/ulap aiiaHa INAKIMAA >KOWIAIITUPUING,
Xap Oup TabIMM OJyBUMTa KOHBEPT KOFO3M Oepruiagu. Xap OUp TabiuM OJIyBYU
KOHBEPT yCcTHUTra MabiyM Oup MaB3y Oyiuua ¥3 caBonuHu Oepaau Ba ‘YKaBoO
Bapakacw HHUHT Oupura y3 >kaBoOWHU &3W0, KOHBEPT HWUYWTA COJUO KYSIu.
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Hlynnan cyHT KOHBEPTHU cOAT WyHANMMIIU OYHnda €HUAArd TabJIUM OJIyBUMIa
y3aTaau. KOHBEpTHHM oJraH TabiauM OJyBUM Y3 >kaBoOunHu ‘YKaBoOmap
Bapakacu HHUHI Oupura €310, KOHBEPT UUUTa COMUO KYsAau Ba EHUAATU TabIUM
oJlyBuMra yszatajau. bapuya koHBepTiap aiiana Oyiina0d xapakaTinaHaau. AKyHuit
KrcMaa 0apya KOHBepTiIap MuFub onmHMO, Taxaun KuinHagu. Kyihinna “JlaBpa
Ccyx0aTh” METOJUHUHT Ty3WIMACH KEITUPUITaH

Cyx6aTHuM yTKa3uw wapTaapu 6unax
TAaHULLTUDULL

KoHBepTnap Ba “¥aBobnap Bapakanapu”Hu
TapKaTuw

KoHBepTnapra casosnap ésuw

KoHBepTHM EHMAArY TUHIIOBYMUIa Y3aTULL

CaBonnapra »KaBob ésu

baxonal Ba Tax/IMA KUAuLl

“JlaBpa cyx0aTu’’ MeTOAMHUHT a(3a/UIHKJIAPHU:
* VYTWITaH MaTePHATMHUHT SXIIN dC/Ia KOJIHUIIUTa EpaaM Oepau;
* (0apya TabJIUM OJyBYIIIAP UIITHPOK dTAIUIAP;
e xap OWp TabJIMM OJIyBUM Y3WHUHT OAXOJIAHUIIN MAChYJIUSTHHHU XUC TN,

e V3 puxpuHU 3pKUH HUPo1a ITUIT YIYH UMKOHUSAT SIPATUIIAIIH.

“TymyH4anap TaxJujan”’ MeTOAH
MeToaHMHI MaKcaau: Ma3Kyp MeEToJA Tajabanap €KM KaTHaUIYUJIApHU
MaB3y Oyiuya TasHY TYLIYHYAJApPHU Y3IAIITUPUIL Aapa)KaCUHU aHUKJAIl, Y3
OMJIMMIIApUHU MYCTAKWJI PaBUIAA TEKIIMPUI, OaxoJall, IIYHWHIAEK, SHIH
MaB3y Oyiuya JacTiiaOKyu OMIMMIIap JapakKaCHHU TallIXUC KWIMLI MakKcaauaa
KYJUIAaHWJIAIH.
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MetoaHu amara OmMpHUIl TAPTUOU:

* WIITUPOKYUIIAP MAIMIFYJIOT KOUAAIAPU OWIIaH TAHUIITHPUIIA]IN;

* THUHIJIOBUMJIApra MaB3yra €xku ©OoOra Terunum OyiraH cysiap,
TylIyHUYajlap HOMU TYUIMPWITaH TapkKarMmanap Oepuianu ( WHAUBHUAYyaT EKHU
TYpyXJid TapTuoaa);

* THUHIVIOBUMJIAD Ma3Kyp TYIIyHYajap KaH/ail MabHO aHIJIATUIIHU, KAaYOH,
KaH/1ail XoJaTiap/ia KyJUTaHIWIUIITN XaKuaa €3Ma MabliyMOT Oepaauiap;

e OearuiaHraH BaKT  SIKyHHWTa eTrau VKUTYBUH oepuiran
TYyIIYHYQJIADHUHT TYIPU Ba TYJAUK H30XUHU YKUO OSIIUTTUpAAu EKU CIan
OPKAJIM HAMOWUII 3T/,

* xap OuWp UINTHPOKYM OepuiraH TYrpu KaBoOmap OuWaH Y3UHUHT
IaXCU MyHOCA0ATWMHM TaKKOCHaau, (papkiapyuHu aHUKJIAWId Ba ¥3 OWIUM
JapaKaCuHU TEKITUPHO, 0axosiaiin.

«Xyaocaaam» (Pe3ome, Beep) meToan

Metoanunur makcaau: by wmetonq mypakkad, KYNTapMOKIM, MyMKHH
Kagap, MyaMMOJIM XapaKTepuJard MaB3yJapHU YpraHullra KapaTUiraH.
MeToHUHT MOXUSTH UIyHIaH MOOpaTKu, OyHJa MaB3yHUHT TypJH TapMOKJIapu
Oyiinuya OWp Xuj axO0opoT Oepuiaagu Ba allHU MalTHa, YJIApHUHT Xap Oupwu
aloXyUJa achekTiap/a Myxokama J3Tuiaau. MacanaH, MyaMMoO MHXKOOM Ba
canbuii ToMoHIapH, ad3auMK, QaszugaT Ba KamMYWIMKIapH, ¢Goiga Ba
3apapiiapu Oyiinua ypranunaau. by umHTepdaon meron TaHKUIUHN, TaXJIWIUH,
aHUK MAaHTUKUA GuKpiamHd MyBad(akUsATIM PUBOXKIAHTHPUIITA XaMJa
TUHTJIOBUMJIAPHUHT MYCTaKWJ FosuiapH, (GUKpiIapuHu €3Ma Ba OF3aKM LIaKjaa
TU3UMIN Oa€H STUII, XUMOS KWIMIITa HUMKOHUAT spataau. ‘‘Xymocanamr’
METOAMJIaH Mabpy3a MaIIFyJIoTiapuia UHAUBUAYAT Ba Ky(PTIUKIApAard Wil
HIaKiauaa, amMajiuil Ba CEMUHAp MAaIUFyJIOTIapuaa KUYUK TypyxJjapJard Wil
HIaKiIuAa Map3y lO3acUJaH OWJIMMIIAPDHU MyCTaxKamJjall, TaXJWiId KWIMII Ba
TaKKOCJaIll Makcaauaa Gongaianuil MyMKHH.
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II1. HABAPUIM MAIIFYJIOT MATEPUAJLJIAPA

1-maB3y: HAHOBUOTEXHOJIOT U - BUOJOTUSTHUHT
PUBOXJAHUIIWHU AHI' BOCKNYH.

/ PEKA: \

1.1. Hanobuomexnonozus 6a OUOHAHOMEXHONI02USA. 3AMOHABUL
OUOMEXHONI02UA: UUIAD YUKAPUUL HCAPAEHNAPUOAH, 0ABOIAUHUHS AHU
Memoonapueaua.

1.2. 3amonasuii buomexnono2us: AHMUMAHANLAp, hepmeHmiap 6a HyKieuH
KUCIOMAnapoaH otoaranuuiea acocianear mexHoio2usiap.
buonanomexmnonozus: nHanomexnonoeus 6a OUOMEXHONI02UA Ye2apacuod

1.3. Tupux cucmemanapHuure my3uiruiuHy Kyn 00CKUYIUIUSU.

1.4.buomaxpomonexynanap (buononumepiap): HyKieur KUCIOMAanap, OKCuil
M000anap 8a noaucaxapuoiap.

\ 1.5. Tupux xyoarcatipanapoa okcuiiu “nanomomop ”nap. /
Tasinu  umbopanap:uanocmpykmypa, Hanoxoouca, cyoxyarcatipa,
HAHOIICAPEH, HAHOOYVHE, HaHOOUOMEXHOI02US, Gubpobracmaap,

@ayopecyenyus, Gryopoxpomaap.

1.1. HanoOmoTexHoJI0rus1 Ba OMOHAHOTEXHOJIOTUsl. 3AaMOHABM I
OMOTEeXHOJIOTHS: HIILIA0 YMKAPUII KapaéHIapUAaH, J1aBOJALIHUHT STHTH
MeTOo/NIapurayva.

HanoOuotexnonoruss ¢anu y3 TuHrIoBumiapura XXI acpHUHT 5HT
MYXUM WIMHNA HyHamunuiapu OynraH OMOTEXHOJIOTHS Ba HAHOTEXHOJOTHUSIAp
yerapacuja naio Oyirad WIMHUHT SIHTU HYHAIUIIN XaKuJa MabiIyMoT Oepaiu.
By ¢aH OHONOTMSHUHI SHIM WYHAIMIIMHUHT (yHAAMEHTal NpPUHLHUILIAPH,
METOJIApH, PUBOKIAHUILIMHUHI KEHI MCTUKOOJUIApU Ba MIUIATWIIMILU XaKuja
owmim Oepaau. by dan Oup-Oupu OusaH OOFIMK OYJITaH MKKU Yy3BUH KUCM:
OMONOruK TaJAKUKOTJIap/aa HaHOTEXHOJIOTUSTHUHT
OpUHLKIIIApUIaHPONIaTaHHIITA acocJIaHraH-HaHOOMOTEXHOJIOT s, Ba
MOJIEKYJISIp TaHMO OJMII XaMmJa y3-y3uJaH MWuUFWIMim  KaOu  OHMOJIOTHMK
OPUHLUIIIAP Ba XOJAUCANapAaH HAHOTEXHOJOTHK BasudalapHU Xan KWIHILIA
UIUTATAIAUTaH-0NOTEXHOIOT U MY HAIMITUTAPHA MyXOKama KUJIaIu.

Arap XX acp ¢wusuka, 3J€KTPOHHMKA Ba TEIEKOMMYHUKaLUsIap acpu
oynran 6yica, 6u3 smad Typras acp, XX aCpHUHT UKKHHYU ApMUAA OOLLTaHTaH
OMONOTHK  HMHKWIOONap  (MOJIEKYyJslp  OHOJOTHS, TE€H MYyXaHIUCIIHIH,
OMOTEXHOJIOTHS) XaMmJa aXOWUO OWp SIHTM HYHaIUII-KaTTaIurd HaHOMETpJap
OunaH yiaYaHaguradH KypuiaMmalap Ba KOHCTPYKLMSUIAp spaTUll, yJapHU
ypraHuil Ba MWIUIATUIIHKM MakcajJ KWiIMO OJraH HaHOTEXHOJIOTHSAJIAp acpu
Oymumm kepak. Oparna, XaXMaH KUYMKJIAIITUPUIL KapaéHuaa, spaTHIraH
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TEXHOJOTHSUIADHU MYKaMaJUTAIITPUII XMCOOMJAaH MAIIMHAJAPHU KaTTaJuru
(xaxxmMu) krnuukiIamuo 6opaaun. AmMmo OyHIa, aHbaHABUW EHIAIININ “‘KaTTaJaH
KUYUKKA~ TPUHLMIN aCOCHAA, MUHATIOpU3ALMS Yerapacura Te3 eTHO OJMHIU.
Kenaxxak MammHanmapuHu TY3WIMIIUHU acOCUW MNpUHIMIUIApUIAH OHpU-
OPOTOTUIJIAPUHU  YIYaMMHM ~ MOJIEKyJalapra HucOataH  KymaWTHpHUII
xucobnanaau. bynnmaii éupmammminan Qoigananuiga, Xap KaHmad OMOJIOTHK
cucreMarnap/a Kymiabd ydypaiuraH HaHOMAIMHAJIIAPHU TY3WJIUIINHU YpraHuIl
Kyna Qoiimanu Oynmamu. XakukKaTaaH Xam, (akat TUpPUK XyKalpajapruHa
UIUIalll  KOOWJIATUTM 3ra OyiraH MOJIEKYJsip MalllMHajlap Koiiamrad
oynaaunap. lllynnait mamuHanapHu sipaTyilra HAHOTEXHOJOTUsIAp €pAamMuaa
SPULIKILI MYMKHH. MoOJEKyJiap ABUraTesiap, yra ce3rup HaHocencopiaap, JJHK
PEIUIMKAlUIACH Ba OKCHJI CUHTE3M MEXaHU3MIIapH, XaMJla OOIIKa KYIjaad KUuYuK
XKMIIM MOJEKynamnap -3 MIpA. MU aBBaj maigo OynraH OakTepusIapHU
YTMUIIIONUIapy OYITaH yTa cojma Xykaipanapaa xam Oynranmap. Opranusm,
HBOJIIOLIMOH JAPaXTHUHUHT KAHYAIMK IOKOPHPOK IIOXHUAA >Koimamran Oyica,
ylapHU HaHOMAIIMHAJIAPU IIYHYAIMK Mypakkad Ba KywIupok Oymaau. AMMo,
dakar xaér maigo OynraHugaH MWUIHAPIA0 Wuiutap yTrad, Ou3 TEXHHKAZa,
HAaHOTEXHOJOTUSHUHT “‘TaHUII Ba ‘Y3-Y3uJaH HUFWIAIL TPUHLUIUIAPUIAH
doitmanana 6oNIaINK.

bomika ToMOHAAaH, HOOMOJOTHMK CHCTEMallap Y4YyH sipaTwiraH Kymiad
dbyHIaMeHTall Ba aMallMii HAHOTEXHOJIOTHsUIAp, Mypakkad ceHcopiiap, TYKHUMa
MYXaHJIUCITUTH Y4YyH MOJIEKYJISIp Kapkaciap spaTUll Ba OKCHJLUIApHU
Moaudukanusicu Ba in situ maporuaa JJHK monudukaruscu kabu OHOIOTHK
MyaMMOJIapHU XaJl KWJIMII YYYH XaM KyJia KyJau.

HanobuorexHosorusi Ba  OMOHAHOTEXHOJOTHSJIAD  OJJMAA  YJIKaH
UCTUKOOUTap oumiIMoKaa. by danmap Oup-Oupnapu OwiaH —KYIIWJIHAIIA
THOOMET A MHKIIIOOWH Y3rapunuiapura om0 KemuIm KyTuiMokaa. by danmap
WHCOHHUHT KYTad KacaJUTMKIapuHU OyTyHJall MyKOTHO roOopuiura xu3mar
Kiia onummbamopar KwmHMOKma. SkuH kenaxakga OWTC, caparon
KaCaJUIMKJIIAPUHMU JaBOJall, ¥3 BakTHAA TMOJUMHEIUT EKU TyOepKyme3
KacaJUIMKJIApHU JaBOJIAIllJla JSPUIIMITaH IOTyKJIapra TeHr Oynubd Koiuiu
Oamopat KwinHMOKAa. OpaMm oOpraHu3MUAAard TEHETHK Y3rapuIUIapuHU, Yy
TYFUJIMACJaH aBBAJIPOK TYFpiall MyMKUH OYymanu. OpraHusmra KUPUTHITAH
HaHOpoOOTHAp, ¥Ta Mypakkad KappoXJUK aManuériaapuHu (MacajaH,
Musana)oaxxapuiml  MyMKuH. HaHomammHamap — XyxXailpa — gapaxkacujaru
BazudamapHu Xajd KWIAIIKM MMKOHMHM Oepuilln MyMKUH. Pean Bakria,
TYFPUIAH-TYFPU OpraHU3MJla T€HETUK axOOopOoTIapHU MAHUMYJALMS KUIUILI
MYMKUHJIUTH, KYTJ1a0 MUCOJUIapAaH OUpUAUP.

Monekynap  “rTaHuimn’  OPUHIOUIUIAPUAAH,  KIACCHK  OMOJIOTHK
cUCTeMallap/iaH, ’KyJa y30K Oyiran cucremanapaa xam (oigamaHUIl MyMKHH.
HaHOTeXHOMOTUSAHUHT ~ UCTUKOOUIM  TapMOKJapuiaH  OHpU-MOJIEKYISp
3IIEKTPOHMKA XUcoOIaHaau. bruoMonekynanapau y3apo TaHUYII UMKOHUSTIAPU
Ba V3-y3uJaH Mypakkald CTpyKTypajapra HUFUIUII CHCTEMalapuiaH, SKUH
KeJaXakaa yTa abJo MOJENb CHUCTeMalap sSpaTHIl MaKCaauaa WIUIATUIUIIN
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MyMkuH. TagkukornapHuHr Oy HyHamumm, XX acpHUHT SHT MyXHM HIMHUU-
MYXaHAUCIUK COXACHU-KPEMHUIUIM MUKPORJIEKTPOHUKA OWUJIaH TYFpUIaH-TYFpU
Oornukaup. buonorusra acocnaHraH HAHOTEXHOJIOTHSA, “KPEMHUN TyHECUHUHT
XO3UPrd BakTJa MabliyM OYiaraH 4YerapajdaHraHJIMTHHU —OJAMHUA  OJIMII
VMKOHHHM OCpUIIM MyMKHH. “VY3-Y3unaH Huruimm’” NPUHIMIA acoCHIA
NIEKTPOH KYpWIMAIApHU “MOHTaX~ KWIaJWraH HaHOMAallMHATAPHU MaiJI0
Oynuim, Oapya SNEKTPOHUKAHU TyOJaH Y3rapTUPHMILM MYMKHHJIWTH Ba KaTTa
UCUKOOJUIAp OYMIIM KYTUIMOKAA. banku, OMOHAaHOTEXHOJIOTHALA COAUP
OynaguraH MHKWAJIOOWM Yy3rapuiuiap, MaHTUKUN (QUKPIAIIHUHT MOJICKYJISIP
MEXaHU3MHUHM TYyIIyHUIIra Hyn ouud Oepuiin MyMKuH, Oy 3ca, CYHBUH
MHTEJIJIEKTIa 3ra OYJrad MalluHajaap spaTUIl HIMKOHUHU Oepajiu.

AMMO, HaHOOMOTEXHOJIOTHS Ba OMOHAHOTEXHOJIOTUsIAp acpuja, ryuao-
SIIITHAII OWJIaH YYIUIAHUIN OpacHJIary Yerapa xyaa Haduc OVIUIMAN XaM 3C/IaH
YUKapMaCIUTUMH3 KepaK. YJIKaH UMKOHUATIApAAH YPUHIU (OoNJaNnaHuIl yayH
XKaBOOTapiauK KeNrycuia OJUMIIap Ba MyXaHAMcIapra IOKjJaHaau. busHuHT
Bazu(pamMu3-WIMUNA MHKUAJIOO0 MeBanapH, (pakaT MHCOH YUYHXH3MAT KUJIHMIIHU
TabMHUHJIALIIAH uOopar. Xed OMp WIMMIA IOTYK MHCOHUATHH TaHAa33ylra o3
TYTHILINATA UIUIATUIIMACIUTH KEPAK.

buorexHonoruss Ba HAHOTEXHOJOTUSHU Oup-OupHra SKUHJIAIIYBU
Hucbaran sxuHaa Oomwanau. lllynra kapamacnad, Oy »kapa€H jkKyaa sIXIIU
HaTWKajgapra oOJaud Kenau. OHI  aBBajlo, KJIacCMK Ba  3aMOHAaBUM
OMOTEXHOJOTUSHUHT aocjapy Ba ylapHM HucOataH “‘€ur’ WIMHN HyHaTUII
“HaHOTEXHOJIOTUs OWJaH KaHAal ydypallraHiuKIapu XaKuaa TYXTaiauo yTamus.
“HanoOunorexnoorus” araMacu — HaHOKATTAJINKIAru €TaK4H,
MaJlaKaBUMIAIITaHOMOTEXHOJOTMK METOUIap Ba MaxcysloTiiapra HucOataH
VIJIATWITaH. YJIap peall BaKTAa HIIUIOBYM CE3THPPOK Ba aHUKPOK ‘YUunpaa
nabopatopus” (lab-on-chip) Ba HaHOCeHCcoOpiapra yxIimaraH HaHOCHCTEMaiap
sApaTuIIra KapaTuiraH.

JlopuBOp MojanapHu MILIA0 YUKAPUIIHK OOIIKAPHII, MyXaHIUCIUK Ba
TUPUK TYKHUMaHU pEreHepalusCd Y4YyH HAHO TapTHUOIM MaTpullaapaaH
doiinananuin Kabu HYHANUIUIAPHU Y3 UYUTa OJIAIH.

“buonanorexHosniorus’ aramMacu — OHOJOTHK KypWIHII OJOKJIapUHU
UIuIaTuI, Ouocnenu@uKIK Ba OHOJIOTHK (aoUIMK acocHuaa sipaTUiTraH
3aMOHAaBUI HAaHOTEXHOJIOTHsJIapra HucOaran UIUIATUIIAIN.

buonanorexnonorusinan  Qoimananuim  ¢akat Ouosjorus  BasudanmapuHH
Oakapuin OwuiaH derapainanMaiiau. Macanan, JIHK onuronykieotuanapw,
NeNTUUIM  HaHOTpyOKasiap Ba  OKcwuiu  ¢dulOpwuianap  Kelakakaa
OMOHAHOTEXHOJOTUANIAPUIA;  METalll  HAHOYTKa3yBuWJap,3ca  MOJEKYJISp
3IIEKTPOHMKA Ba HAHOXJIEKTPOKUMENNA UIIATHIAAUraH OOIIKa HaHOJIEMEHTIIAp
SApaTHUI YYyH UIUTATAINIIIIAD MyMKUH.

Knaccuk  OwmorexHomorusi: OWonoruk  ¢aos MOAMANApHU  CaHOAT
[IAPOUTH/IA UIILTA0 YMKAPHIL YUyH OMOJIOTUK cUcTeManapaan (oiiganaHuiaiu.

buortexnonorus - eryk nwiamuit iyHanum XX acCpHUHT OMPUHYH SIPMUTAEK
American Heritage Dictionary myratuaa, OMOTEXHOJIOTHSI aTaMacCUHU Ma3MyHU
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0aéun xkunuHrad. by ¢gannu npeamern — “OaxkTepusnap, auuTKUA 3aMOypyFiIapu
Kabu MHUKpoopraHmsmiap ¢Exku (¢epMmMeHTIap KaOu OOJOTHK MOAJATapHU
caHoat/a Ba MIUTA0 YMKAPUIIIA UIUIATUIL .

buonoruk >xapa€unapaan caHoatna QolganaHuil, MacaiaaH, KpaxMalHU
Clostridium acetobutylicum OakTtepuscu €paamuaa OMXKFUII OpKalM aleToH
onui, 1916 finnma ynra kyiunrad. Penicillum notatum aHTHOMOTHTHHU OJTUTIT
yTran acpauHr 40-iimuiapuaa uyiara Kyuuirad.

bab3u  omumiapHuHr  Qukpuya,  OOTEXHOJIOTMsaH  aMaiauérnaa
¢doiianaHuIl aHYarMHa OJIIMHPOK OoLUIaHraH. AYMTKU 3aMOypyfilapu Ba
OakTepusiaapu €paamMyaa NUUUIOK Ta€pnamn OollaHraHura OUp HeYa MUHT
Hniap YTraHauru Xakuaa Gukpiaap OWIIUpUIIraH.

BakT yTummu Ounan OMOTEXHOJIOTHS IPEIMETUHU MabHOCUTA Y3rapuiuiap
KUpUTHO Oopuaau. 3aMOHaBUN OMOTEXHOJIOTUSHUHT J1TabOpaTtopusi Ba cCaHOAT
HIapouTHA 0JIMO OOpHIIraH Kymiad HyHanumapy, aMmainuii Ononoruk ¢aniap
JoWpacusia pUBOXKIIAHTAH Oyica-fga, aloxwaa WIMHNA coxa cudaruaa
maKutanMaan. Amanmuérna, OMoMoJieKyraiap-I0puBOp Moananap (MacajaH,
OKCWJI TaOWaTiIM TOpPMOHJIAap €KUM aHTUTaHalap) AaH Oonuiad TOKHM MabiIyM
OMOMoOJIeKyIaJapHu ¥y3ap0 TabCUPU acoCua sSpaTWIraH SIHTM JAHAarHOCTHUK
BOCHTaNaprava, (MacajlaH, aHTHTE€H-aHTUTAHAHWUHT Yy3apo MyHOcabaTura
acoCJaHraH CHCTEMauMMYHOJUArHOCTHKA TYIUIaMU, €KUM HYKJIEUH KHUCJIOTajlap
KETMa-KEeTJIMTMHUHT KOMIUIEMEHTApJuru npuHuuIuiapuaa spatwirad, JIHK
MUKPOUYHUILIApH) OMOTEXHOJIOTHS 1e0 aTad KeIMHIH.

dapmareBTuKa caHOoaTu ousaH 3aMOHaBUI caHoar
OMOTEXHOJIOTUSICUHUHT (papKH, acocaH aMaiuéT OwinaH OornukK. PapmalieBTUKa
CaHOATH acoCaH NacT MOJIEKYJalId JOPUBOP MOAJANap UILIA0 YUKapHIl OniiaH
HIyFyJUIaHCA, 3aMOHABHI CaHOAT OMOTEXHOJNOTHSICH, (PYHKIMOHA OKCHIIAp Ba
aHTUTaHajapra yxXmaral Hupuk OMoMoJieKynanu OupuKMaiap uiuiad 4uKapul
OunaH myryJiaHaIu.

Macanan, Amgen n1e6 HOMJIAaHTaH WHPUK OMOTEXHOJIOTUK KOMITAHUSITHUHT
nacTiabKu MaxcysoTu 3puTpornodTuH (tuxopatr Homu - EPOGEN) oxcumm
oynran. Tupuk opranusmiiapaa 0y OKCHJI 3pUTPOLUTIAPHU XOCHI OVIHUIIUHU
kyuaiitupagu. AKII HUHr O3MK-OBKAT MAaxcyJoTjJapyu Ba  JIOPUBOP
MoajanapuHu cudartuHu  HazopaT Kwinml Oomkapmacu (Food and Drug
Administration, FAO), 1989 iun Oy npenapaTHd KacajUlapHU JaBoJialll y4yH
¢Qoiinananumra pyxcar OepraH Ba y (SpUTPONOITUH), 3aMOHAaBHil
OMOTEXHOJOTUSHUHT OMPUHYM TIpenapaTu OyJraH.

buorexHonoruk Mmaxcyjiomiapra MHCON KWiIMO, PEKOMOMHAHT oJam
UHCYJIMHUHM, OJaM MHTepQEpPOHUHHU, OJaM Ba XYKU3HU YCTUPYBUHU
TOPMOHJIAPHU XamJia TEPANeBTUK aHTUTAHAHU KYpcaTUIl MyMKUH. TepaneBTUK
aHTUTaHaJap UILUIA0 YUKAPHIL, HUCOATaH SHTH Ba XKyJa KU3HUK coxa. AQPUHINK
Ba CMEUU(PUKIMKHUHT aK0NMNO Xoccanapu TyQaitnu, OyHnaid anTTaHaizap ¢akar
UYyHanTUpUIraH TabCcUp KypcaTuO, KymmMya OOIIKa KUCMJapra TabCHp
sTMacAaH Typuo V3 GpaomusTHHN HAMOEH KUJIaIH.
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Axmama, AVASTINHOMIHM  peKOMOMHAHT MOHOKJIOHAJA  aHTTaHa
sapaTuiau. by aHTUTaHa, KOH-TOMHUpP SHAOTENUACHHU YcTUpHI (HakTopu OuiaH
cnenupuk OormaHuO, yHH OHOJIOTMK TabCHUPUHU MHTHOMpHA0 KYHHII
xycycusitura sra. by mpemapar, ogaTAaru KuME Teparus MeToJjiapu OuiiaH
naBoyiad OyiIMaliuran KacaJIMK, WYFOH MYaKHM ‘‘UKKWJIAM4Yd KapUuHOMAacH’
OwJiaH OFpUTaH KaCaJ HM J1aBOJIaIll HMKOHUHU Oepaju.

Opnam uHTEepdepoHU - 0JlaM OpraHU3MHHHM BHPYCIHM MH(]EKuusara xaBod
OepuImaa acocuit post YiHalauraH OKCWJI Ba Oojanap Xamjaa YCMUpPJIapHH
MebEpIA YCUIHU TAbMUHJIOBYM, MYXUM pETYJIATOP OKCUJI -  OJaMHUHT
YCTUPHUILI TOPMOHUHU aXaMHSITH OCKUECAUP.

X03Upru BakTAa JOPUBOP Mojda chdaTvaa UIUIATUII MaKcaauaa xKyna
Kym1ad OKCWJI MOJAallapy TEKIIMpUIIaH YTkazuiaMokaa. OKCUI Ba MENTU
Tabuatnu MojajdajapiaH TuOOuéraa doipanaHuIIHA dYerapanad KYIOBUH
OMWJUIApAaH OWpH, yJIapHU OFU3 OpKaimu KaOyn kuimub Oymmacimurumup. Orus
opkaym KaOyn Kuwica Oymaauran Kymiaad MmacT MOJCKYJAp JOPUBOP
Moaanapaan QGapkiau YIapoK, OKCWJ Ba MENTHIIAp Tabuatiu OupuKMaap
OIIIKA30H-UYaK Mysuiapuaa napyananu6 xeraaunap. LyHUHT yuyyH Xam ynapHU
dakaT MHBEKIUSA OpKaiu KaOysn KUIUII MyMKdH. by sca, yi mapoutuga xap
oMM XaM OynaBepMaiau. by MyaMMOHM HaHOTEXHOJOTHsAIAH ¢oiigananraH
X0JIJa eYdlll MyMKWH. MacanaH, OMOMOJIEKYJISIp JIOPUBOP MOJJIAJIapHU TEPHU
Tarura OFPUKCU3 KHUPUTUII Y4YyH, MaTpullara YpHaTWIraH (0371a0, MUHIIIA0
HaHOIINPULIJIapIaH doitnananuin MYMKHH. Sna oup MUCOJI,
HaHOTAalllyBUMiIapjaaH (ohJalaHuIll XO3UpPrd NauTAa, OBKAT Xa3M KUJIUII
WYIMHUHT OONUIAaHFUY KUCMHAAH Oy3uiaMacaan YTuo, ¢dakaT uyakaa spuo
KETaJIuraH TalllyBuujap CUHOBIAPAAH YTKa3WIMOK/A.

lynunraex, remarodsHuedanuk  TYCHKIapAaH  YTuO,  JTOPUBOP
NeNTUIJApPHA MUSHU HIMIIUTa €TKa3uO OepyBYM HAHOTAUIyBYWIAD SPATUII
yCTHIA XaM TaJKUKOTIap onaud Oopunamoxaa. HanortamryBummap OMOJIOTHK
(mentuyin HaHOc(epara yTKaszuil) €K HOOMOJNOTMK TaOWaTId MaTepuasuiap
acocuga spaTwidil MyMKuH. Huma Oynranma xam, IOKOpuIa KEITHPHITaH
MabJIYMOTJIAp HAHOTEXHOJOTHSMaH GoMmaamaHul XUCOOUTaH OWOJOTHUSHUHT
UILIAII JOUPACUHU KEHTaWTUpHILITa EPKUH MUCOJI OY1a onagunap.

1.2. 3amonaBuii OMOTEXHOJIOTUSA: AHTUTAHAJIAP, pepMeHTIap Ba
HYKJIEMH KHCJI0TAJapAaH (PoilIalaHNIIra acOCJIaHTaH TeXHOJIOTUsIap.
BruoHaHOTEXHOI0THA: HAHOTEXHOJIOTHS BA OMOTEXHOJIOTHS Yerapacujaa.

JlnarHoCTUK OMOTEXHOJOTUSIHUHT acOCUM Bazudacu — UMMYHOKUMEBUI
aHanu3, epMEeHTAaTUB peakiusaap Kkadu OuokumeBuii Mmetoiap, xamaa PHK Ba
JIHK TexHonmorusapu €paamuaa OWOJNOTMK MarepuaiapHu cudar Ba
MUKIOpPUI  aHMKJamjgadH uoOopar. HaHokoHcTpykumsuiap €ku  Oollka
HAaHOXaXMra »ra OVyiaraH 3appadanapiaH ¢oiialaHUIl UIyHra YyXIamn
JUArHOCTUK METOJIJIAPHU CE3TUPIIUTMHU Ba CEIIM(PUKIMTUHU OLIUPAIH.

NMMYyHOKMMEBUI aHAIM3 aCOCH/IA SIPATWIITaH Ba TUAarHOCTUKA MaKcaauaa
WINUTATWJIAUTaH HAHOTEXHOJOTUK MaxCyloTiapra, MHUCOJ KO aémmapaa
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XOMWJIAJOPJMKHH AHUKJIOBYM TECT KOFO3Jap (yJap XOPUOHUK TOHAJOTPONUH
ned arajajaurad oJaM TFOPMOHHMHHM yTa KaM MUKIOpAA CE3yBYM AHTUTAHAJIAP
caknaiinunap); rematut Ba OUTC HHM ce3yBuM OMOKMUMEBUU TYTIaMIapHU
KypcaTHIl MYyMKHH. YJapHH Oapyacu, OUAarHOCTHKaHU CaMapaJopJIUIvHHU,
MOJIEKYJISIp TaHUO onuira xoc OYnaraH [OKopu Aapaxanard ap@uHINK Ba
cnenuPUKINK OmnaH OOFiMMK. MHKPOCKONUK MOJEKYJIsp ‘‘HUIIOH Jap Ba
YJIAPHUHT “IEeTeKTOpJapyu’ HU MILIALI IPUHLIUIIIAPUHY SIXIIN YpraHull OpKaJy,
TAHUO OJIMIL MPUHLMILIAPUJIAH JUArHOCTUKAHUHT Xap XU Bazu(aiapuHu €YU
Makcaguaa (QoljganaHuil MyMKUH. bByHpmail MeTtomsiapHM  CE3rMpJIMIMHU
OLIMpPHMIL, JMArHOCTUKaJa JKyJa KaM MUKIopAa Hycxanap (¢oiiragaHuil
UMKOHUHM Oepanu. MacanaH, KOHHUHI SHI' aCOCHIl KOMITIOHEHTJIapuJiaH Oupu
OyiraH — TIOKO3aHU MUKJIOPUHM aHUKJIALI YYYH, KHYUK OMp TOMYU KOH KU(Os
oynanu. Kepaknum KOHHU 3ca, XO3UPTHIEK MILIWIATPIA0 5Mac, HaHOJIUTpIa
OJIII eTapiu Oynagu Ba Oy WMIN HaHOLIIpUIUIap €paamuaa Oa)kapuiiaJuraH
Oynagu. Ym0y MaB3yHH [aBOM JTTUPUO, KOHIAru TJIIOKO3aHU MUKIOPUHU
IIEKTPOKUMEBUN pEAKLMsl Ba HAHOZJIEKTPOJ TYTYBUM UMM EPAAMHIA YIIHOBUM
HAaHOKYpHJIMara aBTOMAaTHK J03aTopyiap yial, KOHra Kepakiu BakTAa, Kepakiu
MUKJIOpAAa WHCYJIWH KUPUTHO TYPHIIHU TAIIKWAI KWIMII MYMKUAH SKaHJIUTH
XaKuga (QUKp KWIMII MYMKHH. Arap HIyHJald CHUCTeMa TallKWi KWIWHCA, Y
OIIKO30H OCTH Oe3uHu YTkup nuader (1-tum) €ku XpoHUK auaderma (2-Ti)
HUYKOTraH (yHKUMSUIApUHU KUCMaH OakapuIill MyMKUH OYJaziu.

@depMeHTaTUB  peakuusaapJaH  JarHocTukaza  (oiaamaHUIIHUHT
HaTwkKacu cugaruaa, XO3UPrM BaKTAa KEHI TapKajraH, IJIIOKO300KCHaas3a
(epMEeHTH KaTajau3 KWIYBUM pPEaKLMsAra acocjHaHIaH LIaXCUH TIJIIOKOMETpJiap
SpaTWITaHUHU KypcaTHIl MYyMKHUH. [JroK0300KcHIa3a (hepMEHTH TJIFOKO3aHU
IJIIOKOH KHCJIOTaCH Ba BOJXOPOX IEepoKcuaurada oxcuiinangu. KeuumHru
MOJJIaHH 3JEKTPOKUMEBHI aHMKIAIl HATHKACUA CUTHAJI TeHEepaLusira yapanan
Ba paKaMJIAaHTaHJAH CYHT, [TIIOKOMETDP AUCIUIEMUTa YNKAH.

~7 HM

H

FnoKo3a

FNIOKOH KUcnoracu

Boaopopa nepokcnamn

FnioKko3ookcupaasa DNEeKTPOKUMEBMii
AeTeKTop

1.1-pacm. @epmenmamus peakyus 6a 3NeKMPOKUMEBULL OMEKMOP XAMKOPIUSUOA KOH
mapxubudazu e1oKo3aHu aHuKaIaw. 1 TIoK03aHU 2II0K0300KCU0A3a OUIAH OKCUONA2AHOd, 8000POO
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NnepoKcuou Xocun 6ynaou 8a yHu KOHYeHMpayusacuu 91eKmpokumésuli demexmop époamuoa
anuxnanaou. bynoaii cencopnu pepmenm monexyracunu yruamueava (<10 um) kuuuxiawmupuu
MYMKUH

By, OwuorexHonoruss Ba OJJEKTPOHMKA IOTYKJIapu acocuaa rudpun
(dbepMeHTaTuB-3IIeKTPpOH HHTEpdeic sparumra EpKUH MHUCOJI Oyia oaau.
HanoOuoTexHomorusgan, IMIyHra yxmiaraH JETEKTOpJapHA  MHHHATIOP
PYyCYMJIAPUHU SIPATHIL KYTUIMOK/IA.

JNHK rtexHonorusiapura Mucod KuWiauO, OHMOJOTMK  HyCXalapHU
HUMaJjapra TEeruilId KaHJIUTUHUA €Tapiid Japakaja Ce3rupiivK OuiiaH aHUKJa0
OepyBuM Ba OyryHru KyHJAa KpPUMHHQJIUCTHKAJA KEHI HWIUIaTHIIaUraH
MOJIMMEpa3a 3aHKUPIU PEaKUUSIHU KEITUPUILI MyMKHH.

Hyxneun kucnoranapHu ¥3apo TabCUPUHU CHEUUPUKIUTUIAa acOCIaHTaH
sHa Ooup meron — Oy, JHK — wwnmap €xm JAHK — mMuxpomarpunanap. by
TEXHOJOTHsl  OupAaHura MHUHIUIA0, XaTTO YH  MHUHIVIA0  TeHJIapHU
JKCIpeccuscuHu ypranum uMmkoHuHu Oepaau. [IHK — wunmap, nadakar
dbyHnamenTan THOOMETIA UIIUTATUIININY, OANKH KeNrycuja Iaxcuil Tuoouérra
Xam iy ounb O6epa onaau.

by wmeron, HaHoTexHoJorusapiaH QoWganaHuIl XUCOOMAAH sHaJa
MyKAMMQJUIAIITUPWIMIIK ~ MyMKHH. Macaiad, peakuvsulapHM — ‘qunja
naboparopus” (lab-on-chip) umaTu® Mukpoxaxmja oiau0 OOpHI OpKaJIU.
bynnait énnammi, TagkukoT yuyH 3apyp O0yaran JJHK éku PHK mycxamapunu
X@KMHUHM  aHYaruHa  KaMaTUpuIl ~ MMKOHMHU  Oepanu. MeTtoanapHu
CE3TUPJIMTMHU  OIIMPUIL, allHUKCca KpUMHHAJIMCTUKA Ba YyTa XaBduu
KaCAJUTMKJIAPHU HpTa JAMArHOCTUKACH Y4YyH Xyna Qoiinanu Oymamu. Kygna
MyXUM  OyiaraH TaaKUKOT HYHaIuMuuiapu  Katopuga  aTpod-MyXUTHH
MOHUTOPUHTH Ba Kypoia cudaTuja WUUIATUIAJUTaH MoJjanap Ba OMOJIOTHUK
areHTJIapHU aHUKJTAITHU KAPUTUIIT MyMKHH.

Oxopuna xentupu® YTUITaHUIEK, HAHOOMOTEXHOJOTHS-HUCOATaH &I
unmuid coxa. Hanotexnonorus-ymuamu Hanometrpiaap (1/1000000000 metp)
OunaH ymyaHagural cucTeMajap Ba KypuwiMalap acoCHaa sipaTUiIaauraH EKu
ApaTWIIral  TEeXHOJOrusUtapAup. HaHOTEXHONMOTHSIHUHT —TpeaMeTH  0ynuo,
MOJIEKYJISIP CUCTEMAJIAp Ba MOJIEKYJSIP MUFWiIManap (KBaHT HyKTara yXIaras),
¥3-y3ugan Talkuwil Oynagurad Kypuiamaiap Ba MalldHaiap XU3Mar Kujiaguiap.
by cucremanapHuHr Oapyacu IapTIM paBuIla “‘KUYUKIAH Karrara” 7e0
aTayiaquraH EHJalmMIIHU Oup KUcMH Ae0 XxucoOmananau. Mana 1myHzail
EHIAIUIN JIoMpacuia MOJEKYJsIp “‘TaHuO onumy” Ba “V3-Y3upaH HUFWIMALL
*Kapa€Hllapy  acocujia  HAaHOKOMIIOHEHTJApAaH, Mypakkad  MaluHaiap,
KypriMaliap Ba yCKyHaJlap sipaTHIIIu.

HanorexHomorusia MoJjiekyssap “TaHu0 oyuimr” Ba “V3-Y3ujaaH WAFUIUIT
NPUHLUIIAPUHN aMalira OLIUpHUIIAa OHMOJIOTHS Ba OMOJOTHK CHUCTEMalapaaru
TaHUO OJMII Kapa€HJIApUHU axaMHsITH KaTTa. buomonekynamap Ba
HAJMOJIEKYJISIp KOMIUIEKCIap, TaOuuii Kypuiuil Ojoknapu 0ynub, ymap Tai€p
“TaHnO oJyBYM MOAyJUIap”’ Ba OyTyH cucTeManap (MmacajiaH, pubOocoManap —
Mypakka® OKCHJI WUFYBYM JIMHUA) Bazupacunu Oaxkapaaumiap.
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Xarto HucOaTaH MypakkKaOpOK Ty3WjiraH CTPYKTypajap: XailBOH Ba
YCUMIIMK  BHUpYCIapH, OakTepusiiap (MHUKPOO BUpYyCIIapU)  Xam
HAaHOKOMIOHEHTIapAaH Tamkuwi Ttonrad. “‘KuuumkpgaH karrara” NPUHIUIUIA
WUFIIIaITaH  CTPYKTypaJlapHU  WUFWIUINIUHU ~ OMOJOTUK  TaHUO  OJIWII
OOIIKapHIL MYMKHH.

Oxopu napaxana cnenudukivkka Ba OuppaHura (TycatnaH) XOCHI
oymumy Tydaitin OMOJIOTUK MOJIEKyIaIap/iaH HMFUIIMII Mypakkad OpraHuk Ba
HOOPraHUK HaHOMAIIMHAIAp Ba HAHOXUXO3JIADHU aBTOMATHUK MOHTaXHUAA
“axymm kapkac” (smart scaffold) Bazudacunu 6akapuiin MyMKHH.

1“KaTTaI[aH KMYUKKA® ~EHAAMUIIHUHT WYHamunuiapuaan Oupu-yd
autorpadus kapa€HUHU TYXTOBCH3 MyKaMMalllalIuO OOpHUIIM Ba KEHMHYAIUK
YHU siHaJla MyKammas OyJraH TEeXHOJOTvs OWJiaH aJMallTUPHIL XHUCOOJIaHAIu.
[ysgait  MyKkaMMallIamraH TEXHOJOTHsUIapJAaH OupH, JIIEKTPOH-HYPJIH
autorpadus €ku  (QoKyclmaHraH HMOHIM TYyIUIamjap acocuja sIpaTUiIraH
autorpadua. 2006  #mnara  kenuO, MUKPOSJEKTPOHJIM  KOMIIOHEHTJIAp
Taiépnamga uWOUIATWIAgUraln Jutorpaduk sxkapaéumap, 193 HM TYIKUH
y3ynnurura sra Oynran Y® wypiap wunuiatum xucodugan 90 HM nun
Ce3rUpJMKKa eTrad. byHaan XaM KHCKa TYJIKWHIM paavanusanaH (oinagaHuil,
CE3TUpPJIUKHU 45 HM ra eTKa3ull, E€pPyFJUMK HYpJapUHU >SJIEKTPOHIU HypJap
OWwiIaH aJMaIITUPHUIN 3Ca, SHaAa KYNPOK ce3rupiuk (20 HM) ra SpUIIHII
MYMKHUHJIMTUHU KYpcaTraH.

Xeu mryOxa HYKKW, KaHIai EHIAIMIIIaH “KaTTagaH KWYUKKA® EKu
“KMYMKIAH KaTTara” TpUHLOMIUIapUIaH doiganaHual KaThbUi Hazap, Oy
MeToAJIap OMOTEXHOJIOTHSIA KaTTa PEBOJIOLMATA OJUO KEIUIIM MyKappap.
Macanan, OMOJOTMK HyCXaJapHU XaKMUHU aHYarvHa KUYMKJIAIIyBUTa OJIUO
KEJTyBUM MUHHUATIOPU3ALUS YCYIH, THOOUET MyonakalapyuHU COAJATAIITHPUIIT
Ba OEMOpPHUHT Xa€THUHHM EHTWUIAITHpuUIIra onud kenaau. by iyn sarona smac.
Hadakar ym4yoBu, Oanku mry yI4oB HaTHKacuaa xap Xui BazudanapHu Oaxapa
oJlaZiiraH Mypakka® HaHOMAIlIMHAIAP SIPATUIITaH.

broTexHOoJIOTHs Ba HAHOTEXHOJIOTUS Yerapacuia sipaTuirad METOJIapHH
Ce3TUpJUTY aHbaHAaBUW MeTonjapra HuUcOataH VYHmab, 103mabd wmaportabara
OLIMIIM aHUKJaHTaH. J[acTnabku capaToH XyKailpacuHU OWpAaHWTa aHMKJIAII
UMKOHHUSITH, XAaBOHU HQIOCIAHTUPYBUM Ba XaBO TapKUOMIa MOPTIOBYU
MOJJIaJIapHU  >KyJa KaM MUKIOPUHM aHUKJIAIl YCYJUIAPUHU SPATHIIUILH,
THOOMETAA, SKOJOTMK MOHUTOPUHIZA, TEPPOPU3MIAH Myxodaza KUIMIIJIA,
KUMEBUM Ba OHMOJIOTMK KypOJUIApHM OJIIMHU OJuIIAa TyOJnaH Kypuimara
HaTHXKanapra ojauo KeJHIld MyKappap .

1.3. Tupuk cucTeMaJAPHUHT TY3WIMIIHHU KYNl 00CKUYWIWINTH.
Tupuknukan OonutanFud OOCKUYM (PHT YYyKyp OOCKHYHM) MOJEKYJSp
0ockuy xucobnananau. by 6ockuuHu cTpykTypa — QyHKUMOHAN Oupauru 0ynuo,
Oouomornekyna €ku OuononuMepnap (HyKJIEHH KHCIOTajlap, OKCHJI MOJAJanap,

'Ehud Gazit. Plenty of room for biology at the bottom: an introduction to Bionanotechnology. London: «Imperial
College Press», 2007. 1-8 p.
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noJiMcaxapuaiap MoJieKynanapu) xucobnmaHaaunap. by Oockuunga, xa€r Ba
(baonuATHU SHr MYXHUM >Kapa€HJapu amaira OLIaJu: HUPCHM axOopoTIapHU
CakKJIaHWILIM Ba Yy3aTWJIMILIHM, MOJJa Ba SHEPTUs aJIMalluHYyBH, Hadac ONMII Ba
oomkanap. buomonekynanapaan HaaAMOJEKYIISAp CTPYKTypanap IIaKJIaHa/Iu.

CyOxy:xaiipaaun Oockuu (xapaskacm), MOJIEKYJSIp Ba  Xy’Kaiipa
OockuuiIapu  opacujard YTyBuM OOCKuY XucoOjaHaau. By OOCKMYHHHT
OUPJIUTH — TUPUK CUCTEMAHUHI HAIMOJEKYJISP CTPYKTypajgapu XucoOJIaHaau
(onmemenTap  OuWojoruK  MeMOpaHa, OpraHougHu cy0  Oymakuanapw,
opranousap). by Gockuunma comup OynmamuraH XaéTuil »kapaéHiapaa HaMOEH
oynaau.

Xy:kaiijpa Oockuum (mapaxkacu) —  XyKalipamapra, MYCTaKul
opranusmiiap (OakTepusuiap, MNPOCTEHIMIANIAp) XamMaa, Kym XyKalpaau
OpraHu3MIIApHU XyXKapamapu  cudaTuga Kapam OOCKAYM XuCOOJaHATIH.
Xyxkaiipanap, OMOCHHTE3, O3UKJIAHUII, Haac OJIMII, PUBOKIIAHUII, KYIaiuIl Ba
X.K. XycycHusiTnapra sra Oynrannura tydaiinu, yiaap THPUK TaOMAaTHU TaIlIKWUI
Oynmummma acocuit CTpykTypa 0Ynmb Xu3Mar Kuaaumap.

1.2-pacm. Xaémuu mawkun 6yaiuws 60CKUUIAPUHUHS MONEKYIAp (VHeO0a),
cyoxyacatipasuii (Yypmaoa) éa xyxcatipasuil (4anoa) Kypunumuoacu 61uoaio2ux

cmpykmypanap.

Tykuma 6ockuuu. by Gockuy, 3Bostonms Kapa€Huaa, KYNxyKalipaauk

Ba XyKalpajapHu crienuanu3anusicu (uddepeHnuanusacu) nainaa Oyaraninria
ca6abmnu, kenud YUKIU. YHUHT CTPYKTypa — (QYHKIHMOHAN OUPIUTH — TYKHUMA.
Tykuma — kenuO yukuiny, QyHKUUSATIApH, KOMJIAHUIIM Ba KYNm Xojariapaa
TY3WIAIIN XaM Oup Xuj Oynran XykaipaldapHud Ba yJapHU XOCHJIAJapuHU
Tymnamu xucobnananu. TykuMa napaxacuaa (00cKHUKIa), SSTHTU XOCUIT OYaran
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XyKaillpaJlapHH CrelUaIn3alusicy, XyKalpalad Talllkapuaard CTpyKTypajapHu
IAKJUTAHWINN, PUBOKJIAHUIIM, (AONUAT KYpCaTUIIM Ba TYKAMaJapHH
perenepanuscu (KaiTa TUKJIAHWIIN) COIUP OYaam.

Opran 6ockn4u (Japazkacu) —Mypakkad, Ky TYKUMalud TUPUK CUCTeMa
OKAHJIUTH OWIaH XapakTepiaHaiau. by OOCKWYHU CTPyKTypa — (yHKIIHOHAT
oupnuru — opran. OpraH, opraHu3MHU Oup Oynaru OYiauMO, y MabilyM IIaKjra
sra Ba y3ura crneuuduk OynraH ¢GyHKOUsHU Oakapaau. Opraniap OUpUHYHU
HaBOaTa, yMyMuil QyHKUOUSIra €KM OpraHu3Maard OMOJIOTMK poJiura Kapao,
opraijap CUCTEMAaCHUHU TAUIKUJ KAJaauiap.

TUpUKIMKHU cHCTeMa Japa)kacuiard OpPraHU3alUsSICUHUHI CTPYKTypa —
QYHKIHOHAN OHMpIHMIH, Opramiap CHCTeMacd XHCoOTaHamu. Y3 HaBGaTHia
Ouonoruk ponu €k QyHKUMACH yXmamn OyiraH opranjapHu Oup-Oupu Ouman
OoFnmanan.

MueozuMH UK

AHKTHMH MNH
Capromep

—
Muodubpunna

1.3-pacm. Xaémuu mawkun oOyiuwuny myxuma (Mywax moaaiapu), opean (Mywaxkuap) éa
cucmemanu (Mywaxk cUucCmemacu — ckeiem MycKyiamypacu) oapaxcaoazu 6uoio2ux

cmpykmypanap.

Xynau  MaHa 11y Taptubna, OpraHu3mjaa KOH — alJIaHWIIWMHU
TabMHUHIaHaAu. KoH aljaHuIl cHUCTeMacH, IOpaK, KOH — TOMHUpJIap KaOu
oprasjiapAaH TallKWJI TONTaH.

Opranmsm (mapaxka) OOCKHYMHH BAKMJIM — THUPUK OpraHu3miap
xucobnanagu. by 6ockuuHM cTpyKTypa QyHKIMOHAT Oupiuru cudaruaa, THPUK
OopraHu3mra, xaéTHu Oapua KYpWUHHUIIM Ba XycycusaTiapu xoc. by Oockuuna,
OpraHM3MHHU YCHUIIM Ba PUBOXKIAHUIIM, TAIIKd MYXUT OMWJIAPH TabCUPHUTa
MOCJAITyBH, XYJJ4 siroHa Oup OyTyHaail HaMOEH OYaiu.

Honyassunon (mapaxa) 0ocku4. by OOCKMYHHM 3BOJIIOIMOH Kapa€Hra
KHPUTWITAH BakWiIM cHdaTHIa MYCTaKWI Je0 KCYMPYBYH OpTraHU3MIIAPHU
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MUHUMAJ TYPYXH XU3MaT KWIaau Ba yJIapHU MOMyJsuusiap Ae0 IOpUTUIIAIH.
By Oockuunu cTpykrypa (yHKUHOHAN Oupiaurun — nomymsuus Oymub, Oup
BaKTHUHT Y3HJa Yy SBOJIONUSHUHT 3JIEMEHTap OUPIUTH XaM XucoOJaHaIH.
Anoxyuga OpraHu3MJapHH MOMYJSUMATra TYIUIAHWIIM, YJIApHU MOCIAUIyBUHU
Amad KOMUIUIAPUHM, KYMAWUIIMHA, YMYMaH OJITaH/a 3BOJIIOLMSIATH YPHUHU
TabMHUHJIAUIN.

Typ (mapaxacu) 60CKMYM — MYCTaKWJI SIIOBYM OpraHu3M (0co0) JapHH
NOMYJISANMSIIaH KEHUHTH, ynapAad OanaH TypaJauraH OupianmMacu — OHMOIOTHK
Typnap OwnaH BakwwianraH. llomynsiusiiap Kartopw, Typ — Tabuarna
MUKPOIBOJIIOIHS JKapaéHIUHHA HUXOSCUTA €TKA3aIH.

buonenoruk papaxanu (00CKHYHH) CTPYKTYpa — (QYHKIIMOHAT
OupnurH, Xap XWI TypJapHH y3apo Oup-Oupura OOFIUK OYJITaH XaMKaMUATH —
ouoreoreHo3nap (PKOCUCTEMaNap) MIak/ulaHraH. buoreoneno3 —Oup-Oupnapu
Owran ¥3apo OOFIMK OYynraH opraHu3miiapiaH (OMOreoneHo3mapaaH) TalKapH,
aTpod MyXUTHH aOMOTHK OMUJUIAPUHU XaM Y3Ura Kymuo oJjaiu.

Buocdepa (mapaxacu) 6ocku4u (CTpykTypa — (YHKIIMOHAT OUPIIUTH
ouocdepa), THPUK MATEPUSHU OHT IOKOPH JapaKald OpTaHH3aIUsICH
xucoOmanaau. by 6ocknyma, MoaaaNapHu Ba YHEPTHSIHU Oapya OMOTEOIIEHOTHK
aJMaIIuHyBH, sroHa ouocdepa (ry1o6ai) aIMamuHyBra Oupiamniaiy.

“Hanoctpykrypasap”’, ‘“Hanoxommcanap”, “Hanoxapéniap”, Ba
“HanoTexHosorusuiap”  tymyH4acu.HaHocTpykTypamap —  KaTTaJuru
(ymuamn) 1 gan 100 HanoMmeTpraya O6ynran o0bexTinap (Manbbanap). (Hanomerp
— MeTpHM MuUHapazaH Ooup Oymarm, 10°m). Hamoctpykrypamap, Ha (axat
WHCOHJIAp sIpaTraH SHI KUYUK MaHOamap, Oalku ynap SHT Maila KaTTHK
Matepuaysiap OynuO,  ylIapHH aloXuaa aXpartud OJWI, XaTTo yiapiaH
Oab3nIapUHA MAaHUITYJIALUS KAIAII XaM MyMKHH.

1.4-pacm- JIHK Hu uxkxu 3anocupau Moaekyiacu.
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1.5-pacm. Oxcun monexkynacu - mupux cucmemaod 3He Kyn mapKaican HaHOCmMpYKmypaniap
(kammanueu 4-50um).

Hanomacmtad kyma HOE0, YYHKM HAHOAYHEHU  DJIEMEHTIIApHU
dbyHIaMeHTall XyCYCHUSITIIapu, yJapHU pa3Mepu OuilaH IIyHYaIMK OOFJIMKKH,
OyHmail OOFIUMKIMK OomKa Oupop wmacmTadbaa ce3unMaau. Monekysap
napaxkajna, aTOMJIApHU, MOJIEKyJaJlapHd Ba HAHOKOMIUIEKCIApHU Y3JIapUHU
TyTUIIUTApU OujiaH OOFJWK OYyiraH, ssHru (GU3UK-KUMEBUN XYyCYCHUSITIIAp Tai10
Oynaau. buonoruk HaHOCTpyKTypajapra wmacaiaH, kartauura 4-50HM
opanuruga OYAraH OKCHJI MOJIEKyJIaJapuHU KUPUTHII MyMKuH. Kanunmuru 1-2
oM ra tedr Oynran JIHK monexymamapunu xam, yjgapHH y3yHJIUTH OWpHEYa
MUJUTAMETPra TEHT OYyJIuIura KapamaclaH, HaHOCTPYKTypara KHPUTHII
MyMKuH. Tupuk opraHu3miapaad, Xa€THH Xykalpacu3 IIakiau OynraH
BUPYCJIAPHU HAHOAYHEra KUPUTUII MyMKUH. Bupycnapuu karranuru 10-200 am
opanuruaa €Taau.

Hano6ynakuanap spaTuin TeXHOJOTHSICUIA,MOIanapra UILIOB OepUIIHU
Ooup-Oupuan Tabopa Gpapk KUIyBUM UKKU EHANTYB MabIyM:

—“Tenmagan macTra’, sSbHU (UMK SKUCMJIapra MeXaHuK EKu OollKa
XWIJIard TabCUp KYpcaTuO, yJlapHU KaTTAIUTUHU (YI4aMUHU - Pa3MEpUHU)
HAHOMETpra TYIUPHIIL;

—“ITacTman Temara”’, SbHU HWHUPUKPOK HAHOOOBEKTIAPHH ‘‘TIACTPOK
Karopaa”® Typran DdJjeMeHTIapjaH (aTtomiyiap, MoJieKyjlanap, OHOJOTUK
XyXaiipanapHu CTPpyKTypaiu Oynakiapu Ba X.K) WAFHUIIL

Hanoctpykrypamap (HaHOOYnmakdajmap) HWINTHPOKUAA OakapuiaauraH
xapaCHiap HaHoxapaénjaap ne6 aramaau. Tupuk opraHu3maard SHT aCOCHI
HaHOXKapa€H — OKCUJI OMOCUHTE3H.

Tupuk cucreMasapHd MOJIEKYJSP Ba CyOXyxaipa TY3WIHIIH—
HaHOAYHE pgapaskacu cudaruaa. THUPUK  cHUCTEeMaHH  MOJIEKYJSP
AapakaJard TY3WIMIINHA OeJITWJIOBYM CTPYKTYPAJAPHU 3HI acocHiljiapu
OMOMAaKpPOMOJIEKYJIAJIAP ér OuonmoJIMMepJIapHu MOJIEKYJIAJIapH
xucodaanaguaap. Yiap, HyKJIEMH KHUCIOTallapu, OKCHJI Ba MOJIMCAXapuajiap
MoJieKyJanapuian ubopar. by Moisekynanap pasmMepu KarTapok Oyuira,
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HAJMOJIEKYJISIp OHOJOTHK CTPYKTypajap (HAHOKOMIUIEKCIAp) XOCHJ KHJIHII
XYyCYCHUSTHTA 3rajiap.

Haamonekynsap OM0ONOruK CTpyKTypanap:

—Oxcusuiap, HyKJIEMH KHCIoTanap, KapOOHCYBIapHU MaKpOMOJEKYJanapu
Ba yJIapHU KOMOWHAIUsIIapy (Mypakkad oKcwiap, HyKJISOMmpoTeHaiap Ba X.K);

—Perynarop wmonekynamap (ropmonnap, QepMmeHTIap, MeauaTopiap,
XUIMa-Xuj Ouonoruk $haoa moaganap);

—CyB, €r Ba O0IIKa MO IaJIapHU MOJIEKYJIalapu;

—Hownnap;

—MycTaxkaMm HOHJIAp Ba CYB MOJIEKYJAJIAPHUIAH TAlUIKWJI TONIAaH aTOM-
MOJIEKYJISIp KOMIUIEKCIap, Xamaa XyKalpalapHd IOKOpUIa KeATUpUO YTUira
OpraHuK MOJIAJIADHUHT MOJIEKyJIallapu €pJlaMujia XOCUI1 OyIaau.

ATOM-MOJNEKYJSIp KOMIUIEKCIAap TapKUOWIard MoOJIeKyJlaJapHu Ba
MOHJIapHU OWprajvkaard xoccajapH, XKyJa XaMm y3ura Xoc (cnenuduk, SbHU
MaxcyC) aMMoO, XO3Mpuya SXIIM ypraHwiMaral. MaHa IyHra yxmaras
HAJMOJIEKYJISIp HAHOOMOKOMITJIEKCIAPHU XOCKIT Oy UK, (GaoausT KypcaTUIl Ba
napyajgaHdiny, OamaHApPOK — HAAMOJEKYJsAp €KM CcyOXykalpanu napaxana
yramu. bynpa, Ouomormk memOpananap ajnoxujga YpuH TyTaau. buomoruk
MeMOpaHanap, 6apya TUPUK OpraHu3Miap Xykapacujaa IjazMaieMmaiap Ba
kY1120 OoIIKa opraHoM IJIap MAKIUIAaHUIIN/IA UIITUPOK dTaauiap.

By xycycustinapHu ypranuiin Ba Ha30paT KWIHIL, OUp OyHE PYHKIHMOHAT
MoOJIeKyJlajap KypujiMajaap O4ulIra HMKOH Oepanu. Ynap, OyTyH nyHEAa
KaJalsMK OWilaH pUBOX ToMa€TraH HAHOOMOTEXHOJOTUSHU MPEIMETH
xucoOJaHaauIap.

1.6-pacm. Buonozux memopanaiapunune yusmacu.
1-mypaxkab oxcuiniap-enuKonpoOmeuHIapHu yene8oo (Kapooucys) 3andcupu; 2-1unuoiapHu
buomonexynap Kagamu,; 3-mpaHcmMemMoOpaHanuk OKCuil; 4-1unuo MoaeKyIaiapun 2uopopu
KUCMU; 5-ApUM UHMESPALIAH2aH OKCUL; 6,7-TUnuo MOAEeKYAAIAPUHU 2UOPOGhOO KUCMU.
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Hanoaynénu ypramuijga MILIATHIAAUraH MHKpockomiap.Epyriuk
mukpockonu. Kymmab xaiiBon xyxaipanapunu ymuamu-10-20mkm ra teHr. by
o/laM KypWIIM MYMKHH OyJIMaraH Xap KaHjail OyiakdamaH 5 MapTa KHYUK
(omamuM Ky3u, TyFpunad —tyrpu, kattanura 100 MxMm ra TeHr Oynran OyroMHH
Kypa OoJiaJu).

XaiBOH XYyKaMpacHHHM OJJMH €PYFIHMK MHUKPOCKOIIM OPKAJIM KYpHIL
MyMKMHMHA? EpyFIMK MUKpPOCKONMAA KYpULI MyMKHH OVJraH SHT KHYHUK
CTPYKTypa, pyxcaT 3TWIraH OpaJMKHHM SHI Kuckau OunaH (d,) OenrunaHany.
Opanuk- acocaH EpyFlIMK TYJIKUHU (y) HHUHT  y3yHiaurura Ooriuk. by
OOFJIMKJIUK, Kyhuaaru opmysia OUiiaH U30XJ1aHa IN:

Do =1/2 v

JcjaTMa: MUKPOCKONHU KypcaTuil MMKOHUATH: dop= 0, 61 v /nsin Q ¢popmyiacu opkaiu
XHCO0JIaHA N.

By epna y —ummnaTwirad €pyFiIMKHU TYIKUH Y3YHIUTH (OK paHr yuyH 0,53
MKM KaOyjJd KMJIMHIAH), N — MYXUTHM CHHMII Ko3(p¢duuueHtu. by HycxaHu
00OBEKTUB JIMH3ACUIAaH EKM KOHJEHCATOPIaH aXpaTud Typaau (oAatia, XaBo €K1
érman); Q -OOBEKTHUBHU ONTHK YK OmiaH OOEKTHBra TyIIaJWTaH SHT KYI HYp
opacujaru Oypdax.

Opatna, €pyFiMK MHKPOCKOIUIapuaa, EpyFauk ManOanapu cudaruga
kypumr cnektpugard (400-700 vm) €pyrnuk unuiatunagd. LlyHuHr yuyn
MUKpOcKolmHH Makcuman kypcatknuun 200-350 wm  (0,2-0,35 mxMm) gaH
ommManan. Jlemak, pasMepu OupHE4Ya MHKpOMETpra TEHI OyiraH XaiBOH
XyXalpaJlapuHu oJaTAard EpyrJIMK MUKPOCKONHM €pasaMHia Ky3aTUIl MyYMKHH.
AMMO, TUpUK OpraHU3MJIApHU Xy)Kalpajapu, paHIrcu3 Ba TUHUK Oyianuiap.
[IynuHr yuyyH xaM TaOuuii xoJsiatna Xyxkadpanap EpyFiIuK MHUKPOCKOMHUA
kypuamaiiau. Illynmait  skaH, XalBOH XyKalpacuHH KaHAall  KUJIUO
MUKPOCKOIIJA KYPHII MyMKHH?

XyXalpanapHy Ky3ra KypUHAPJIM KUIUIIHU Xap XU UYJUIAPU MABJIYM.
bupunungan, xap xun OVékmapaan Qoinanann6d Oysm  (6°-pacm).
Macanan, wumkopuii OVEkimap (reMaTOKCWIMH, a3yp) XyXaillpaHu HOpAOH
KOMIIOHEHTJIAPUHU SAPOHU (HYKJIEHH KHUCIOTaNapuHH) crienuduk Oysiinunap.
Hopnon— Oy€xmap sca. (903WH) WINIKOpWUW peakiusara sra Oynran Xyxkanpa
CTpyKTypaiapu (LMTOIUIA3MaHUHT OKCWIIapu) Owunan OofnmaHu®  paHr

oepamumnap.
NxxkuHunaan, CEpyriIMK MUKPOCKOIUSCHHUHT XHWJIMA-XUJUIUTH — XaM
XykapamapHu Kysatuiira épaam  Oepaau. Illymapman Oupu — ¢aszo —

KOHTPAaCTJIK MHUKPOCKONUS METOJM, TUPUK OYIMmaraH XyKalpaHu Ky3aTHII
UMKOHUHM Oepaau. bysiiMaran cTpyKTypalapHH KOHTPACTJIMIM, MUKPOCKOITa
yJlaHaJIUTaH KylIuMy4a ONTUK cCUcTeMaap xucobunan kydyasaau. KoHTpacTiukHu
KYyTapWINIIY, CEPYFJIMKHUA YTaéIraH XWIMa-XWl CHHAUPAIUTAH XyKaupa
CTPYKTYpaJapUHU Ky3aTHIIl UMKOHUHU Oepaju.
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1.7-pacm. @ubpobracmaap. a) Epyanux MuKpockonusicu époamuda oaunean cypam (1I-
akmuHIu Mukpoguiamenaap, 2-s10po) X 1000 (mune mapma kammanawmupuiear); 6) gpazo —
kowmpacmau muxpockonusi X500; 8) ummyHoghyopecyenmiu MUKpOCKOnus.
(muxpompyokanap capux pauneea oysnean) X980; 2) kongoxanen muxpocxonus X 1000.

Tupuk XyxalpagapHu Ky3aTHUIIHA HMKKUHYU HYIu, Oy duiyopecueHT
MHKpoOcKonusi ycyau. By ycyn, Katop MonfanapHH KHCKa TYJIKHHIA HYp
Tabcupuaa EPyFIHK 0epui ((hayopecleHaIUsIIaHNI) XyCYCUSITUTa aCOCIaHTaH.
Kynna® murmeHTnap, BUTaMHUHIJIAp, TOPMOHJIAp Ba KaTop OoIka Mojjanap,
XyXkalpara KHCKa TYJIKWUHIM HYp TyHIUpUIraHjaa, y3-y3uaaH (CHOHTaH)
GbayopeceHITUTIaHUIIT XYCYCHSITUTA raiap. XyAId IyHIal XyCyCHsITra THPUK
OopraHu3MJIapHU Oapda XyXaWpamsapu XaM 3ra, amMMoO Ky Xojariapaa Oy
BOKCWJIMK JKyJa XaM Kydcw3 Hamo€H Oymamu. byHmaii xonatmapaa, Kyriad
Xy)Kapanap WYHAJArd CTPYKTYpPaJIapHU Ky3aTUIl YyYyH HWKKaJIaM4id EKU
HaBeleHHON  (dmyopecuennusanan  (Qormamanmwiangu. by 9ca, Xykaiipara
olguHAaH Maxcyc duyopoxpomiap (¢iyopecienH, pogaMuH Ba X.K) OujIaH
UIIIOB OCPUIIIHM TaJ1ad KUIaIH.

dnyopxpomiiap aHTUTETATAPHH MOJEKyJanapu OwiaH OOFIaHUILIAPH
MyMKHH, Oy 3ca yjapHu (akaT MabiyM MaKpOMOJIEKynajiap OusiaH TaHiao
OOFJIaHyBYH IOKOPH crieliupuk peareHTiaap cadura Kymuo Kysiim.

OnyopecrieHIMSIH Oy TYpHHH MMMYHO(QyopecueHuus 1ed aTtamaiu.
bynma, aBBanm okcwira (MacanaH TyOWJIMHTA) aHTUTaHa cakjiaraH crenupux
3apno0 onuHaau. To3ajnaHraH aHTUTaHANIAp KUMEBUN Myn OuiaH (QIyopecieHT
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MUKpPOCKOT €paMuja, (TeKIMMpUIaauraH oOOBEKTIa) XyKalpaaa OKCHIHH
JOKAIIM3alUACUHN (HIYyOPOXPOMHH HYp OEpHUILN OpKaIH YpraHUIaIu.

Epyrauk  mukpockonuaan ¢oiigananué, o00beKTHH Y4yJI4OBJIM
KYPUHUIIMHA AQHUKJam MyMkuHMu? Opatna, €pyFiuk MHUKPOCKOMUACH
YHUAIMK KaTTa EpyFauk Oepa onmaiau. by sca, ypranunaaurad oOBEKTHHU
YUYIYOBIM KYPUHHUIIMHU aHUKJIAIl WMKOHMHU Oepmaiian. By wmyammo,
KOH(OKAITU CKaHUPJOBYM EPYFIUK MUKPOCKOIHU SIPATUIUIIM OWJIaH HM>KOOMIA
Xan KunuHrad. bynaa nyp 6epyBuu cudaruia, nazep HypuaaH (poganaHuiray,
by wHyp, OupuH-Ke€THH npenapatHu OyTyH KAJIWHIWTUHU CKaHep KWJIWII
UMKOHUHU Oepaau. OOBEKTHU 3UWIMTH XaKuaa UHPOpMalvs, CKaHUPJIAITHU
xap-Oup smHUMsACH OYinab, KoMIbiOTEepJa y3aTuwiaaud, Ba Oy epraa
(koMIpIOTEpAA) Maxcyc AacTyp €paaMuaa, OOBEKTHU XaXKMIOP YUYIHOBIH
TaCBUPH pEKOHCTpyKIus Oymamu. Opatma, OyHAall Ky3aTuluiap —Y4yH,
bayopoxpomnap Owman Oysuiran oObekTnap wunmaTwiaad. KoHdbokammm
MUKpPOCKOIl ~XYy)KaipaHW INAKJIMA, LHUTOCKENIETH, AIpO Ba XPOMOCOMaHHU
CTPYKTypaJlapu Xamja XyKailpa HWyugard OpraHeulajlapHU  KOMJIaHUII
XapaKTepH Xakujaa axoopoT TYIian UMKOHUHU Oepay.

buonorusina unatunaguran GpayopoxXpoMiIapHu KYMUUIUTH, KyHUaarua
OupukManapra Kupaauiap. YJIapHu KaMUWINKIapy Kyiuaarunapaan noopat: 1-
nact japaxana (GoTocTaOMIUIMK; 2- OMpHEYa OOBEKTIIApHU OWMPBAKTIAA KYPHII
yayH xap xun OVéxmapnan Qoinananum 3apypusitd; 3- Oy OYExmapHu
GayopecleHIMSACMHA ~ KY4YaWTUpHIIL  y4yH TEruuuiMm  Oynran  EpyFiuk
MaHOaTapyUHU TaHJIAIll 3apypPUSITH.

Opranuk ¢QayopoxpomiapHu 0y KAMUWJIHMKJIAPUMHU KaHIal KWiu0
HYyKoTMII MYMKHMH? by MyamMMOHH, KBaHT HYyKTajgapu €KW HOOPraHUK
¢ryopoxpomiiap WIUIATUIT OPKAJIN SUHIIIH.

1.8-pacm. Kongoxannu muxpocxkonus: a-oyupaxnu snumenuan xyxcavpanapu, X 1000
(MUMOXOHOpUs MyK capuk paneoa), 6- 00amHu wuul
xyorcavpanapuHelaX 1000 (mumoxonopusinap swun pauneea 6ysnean).
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KBant Hykramap — SpUMYTKa3rud HaHOKpUCTAIAp XucoOjaHaaumap.
buonoruk Ttankuxkornapaa CdSenuZnS OwinaH  KorulaHraH.ZmnS — KBaHT
HYKTQJIMHU OKCUAJIAHUIIWTA YUAAMIIMINTUHU OLIUPaad Ba (IyopecUeHIUSTHU
WHTCHCHUBIIUTUHYU OMpHEUYa MapTara OIIMpan.

Hanoxpucramiapau pa3MepuHd Y3rapTHpUO, ONTHUK CIEKTPHU XOXJaraH
KoWWra YpHaIITUPWITaH, (piryopecueHnusara sra 6yiaran GpayopoXpoOMHH OJIHILI
MyMKUH. AMMO0,CdSe/ZnS HU HaHOKpUCTANIApUHU OHOJIOTUK CcHUCTeMajaa
UIJIaTUALI, yJapHU JKylda macT OynraH TruapoQWUINTA y4yH, HUIUIATHINAIINA
yerapananrad. KBaHT HyKTajdapuHH COJIIOOMIIM3ALUS KUIUII (CYBJIM MYXHUTIa
YTKa3uIl) MeTouIapuiaH OMpH, yIapHU CUPTHA MOJMMEP KaBaT XOCHI KHJIUII
xucobnmananu. Keiinn OyHpmail monuMepra aHTuUTenanap OOFialml MyMKUH
oynanu. by aca, ¥3 HaBOaTH/1a HAHOKPUCTATHA OMOJIOTUK MHUILICHTa CIIeU(UK
Ba IOKOPH Jlapakaja Taniaad Oofnain MMKOHHHH Oepajiu.

1.9-pacm. Keanm Hyxkmanu my3uiuus Yu3macu. a) noiumep OulaH Konjianeaw; 0)
anmumenoaap ounan Konianea. 1- aopo (CdSe),2-ZnS xasam (obonouxa), 3 — nonumep, 4 —
anmumena (AHMUMaHa).

Xap X1 pa3mepra sra OynaraH KBaHT HyKTajap, KeHT JUATO30HIN ONTHK
cnektpiu (ynpTpaOuHadmanaHn — sSKHH WHPPaKU3WI obiactrada) HypJIapHU
fota onmaamnap. by aca, O6up ManOa €pmammia, HAHOKPUCTALIAPHU Xap XHI
paHrra KupuO TOBIAHUIIIMHHA TAbMUHIIANHIH.

Hanoxpucramiap opranuk (iayopoxpomiiapra Kaparanja, FOKOPHPOK
dboTOoCTAaOMUIMKKA Ba  KUCKA  CHEKTPAM  (IyOpeCICHIHsSITa  draiap.
Hanokpucrammapuu rokopu napaxkana ¢hotoctabumumru (0y XyCyCusiT, OpraHuK
bayopoxpomiapra Hucbaran OupHeda Aapaka OanaHd), YlIapHH KOHGOKAJIIH
MUKPOCKOIMSAAa WILIATHII WMKOHUHU Oepaau. ByHna, y30K BakT JgaBOMHIA
(coatnab, xarTo OmpHeua KyHIa0), peal BakKT peXUMHUIA, XyXKaipa WYHIa
YTamuraH xapa¢HIapHU Ky3aTUIIl IMKOHUHU Oepay.
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1.1.-pacm. @ubpobracmaapoa, keanwm HyKmanap époamuod o. - myoyiuH OKCUTUHU
monunuwu. Kongoxan muxpockonusi.

JJIEKTPOH MHUKPOCKONMSA. DJEKTPOH MHUKPOCKONUANA, XKyJda TYJIKUH
y3yHJIUTUTA dra OYyaraH SJeKTpoHJap OoKuMuiaH Qoitnananwiaan. 50 kBmu
KyWIaHHUIIJIA, SIEKTPOMarHuT Tedpanuuuiapiu TynkuH y3yrniauru 0, 0056 uM HU
TalIKuUI Kujiaad. By mapoutnapna, Hazapuil xuco0iald 4YMKWIraH, MakCHUMall
opamuk — 0,002 HM ra Tenr OynumuM MyMKuH. By, €pyFamK MuKpockomura
Hucbaran 100000 mapoTtaba kuyMK. JleMak, 3JI€KTPOH MHUKPOCKOIHU KYpPHII
MMKOHHUSATH, EPYFIMK MHKpockonura kaparanaa, 100000 mapra karTtapok.
3aMoHaBHUM 2JIEKTpOH  MuUKpockon Kartaymru 0,1-0,7 HM ra TeHr OVirax
KUCMHU Kypa ojiaau, arap OMojoruk oObekT Oyiica, Oy pakam 2 HM aTpoduaa
oynaau.

XO03Upru BakTAa, OHOJOTHSANAa TPAaHCMHUCCHOH (EpUTHUO Kypull) Ba
CKAaHMPJIOBYM  DJEKTPOH  MHUKPOCKOIUIApJaH  KYNpokK  (oiganaHunaim.
TpaHnMuCCHOH 53JEKTPOH MHKPOCKON EpaaMuia, ypraHuiaauraH OOBEKTHHU
MKKaJaM4H TaCBUPH OJIMHA]IN.
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1.11-pacm. Buonoeux maokukomaapoa umiiamuiaouean mpancMuccuoH (Epumub Kypysuu)
91EeKMPOH MUKPOCKONIAPHU KYPUHUULU.

TpaHCMHCCHMOH 3JIEKTPOH MHMKPOCKOMHMsAA, OHOJOTUK OOBEKTIapHU
ynbTpaHaduc (ronka) xkecMmamapujaan (kKaauuiaurd, 0.1 MkM ra TeHr OYiraH)
doitnananunaan Ba yJlapHU KOHTPACTIUTH OFUP MeTajiap €KU yJIapHU Ty3JIapu
épaamMuia Ky4YauTUpWIAIx .

1.12-pacm. Qubpodbracmuu épumyeuu (a) 8a ckanupianeaw (6) s1eKmpon
muxpogpomoepagusnap: 1 — 10po, 2 — 3H0ONIAZMAMUK MYPHUHS OOHAOOP (eparyia)
kanannapu, 3 — auzocoma X 10000.

JJIEKTPOH MUKPOCKoONMs épaaMuaa o0beKTHH (pa30BHMd TACBUPHHU
o MyMKkMHMH? BbyHnall ky3atumuiapHu oaub OOpHIll y4yH CKaHUPJIOBYM
ANEKTPOH MUKpoOcKon spaTuiarad. OObEeKTH TaCBUPHU IMIAKIUIAHUIINAA, OOBEKT
KaTapraH OSJICKTPOHJIAp KaTHAIaawiap. ByHWUHT y4yH, OOBEKTHU CHUPTHUHHU
JIEKTPOH YTKa3zaauraH KWiuil kepak. Kym Xxomarmapma Oy, Hycxa cHpTHTA
HaduCc MeTayul  TMOPOMIOKIAPUHM TypKAll OpPKAJIM JHT KarTa YCTYyBOPIUK
TOMOHM — KaTTa aHWUKJIWKKAa OJTaJIiTH XHUCOONaHamau. AMMO YHH KYpHII
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UMKOHUATH (OMONOrMK OOBEKTIap Y4yH 3-5 HM ra TEHT), TPaHCMHCCHOH
ANEKTPOH MUKPOCKONTa HUCOATaH aHYa MacT.

1.13-pacm. Xyarcatipa opeanHoudiapuny mpasHcmuccuon (a) 6a CKaHupiaueam
muxpogomoepaghusnapu: 1 — MumoxoHopust KpUucmaiiapu. 2- MUMOXOHOPUs MampuKcuoazu
epanynanap; 3- I'onvooicu annapamu, 4- snoonnazmamux myprune kananiapu X 20000.

CkaHHUpJIOBYM  DJIEKTPOH MHMKPOCKOINHSIHU  KaMYMJINIH, 00BbeKTra
MeTaljIap KyKyHU OWJIaH UIILJIOB OEPHIN 3aypJiury, Oy 3ca, Xykalpa KOOUFuaaru
0ab3u CTPYKTypaJdapHU TaCBUPUHHU aHUK YMKMAcIurura oiaud xenaau. byHman
TallKapy, TAJAKAKOT Y4YyH Tal€piaHraH HycXallapHU XyKalpamnapu Yiau0
KoJlaguiap.

Buosnoruk crpykrypajapHu, TaOMuil XoJaTra SIKHHPOK Oyjaran
IIAPOMTAA KY3aTHIIHM KaHAali TabMHMHJaml MYMKHH? By Myammo,
CKaHUPJIOBYHM 30HIJIM MHUKPOCKOI SpaTWIMIIM OWjaH ¥3 €4MMUHHU Tomau. by
MUKPOCKOII Y3WHU KYPUIL UMKOHUATIApH OVilnda 31eKTPOH MUKPOCKOIAaH KaM
aMac.




1.14-pacm. Ckanupio84u —30HOIUMUKPOCKONIAD, YKY8 — UIMULL 1AaO0pamopusiapodq.

uM

2 ,
1.15-pacm. Ckanupnosuu —30HOAUMUKPOCKON épOamuda oiuHean pubpoobiacmiapuu oup
KUCMUHU MACBUPU.

ATOM-Ky4Y MMKPOCKONHA. 3aMOHAaBHM OWOJOTMK TaJAKUKOTIApIa
aTOMJIM-KYY MUKPOCKONHUSIAH KeHr (Qoigananubd KenuHMOKIa. by
MHKPOCKOIIHH y3Ura XO0C TOMOHM HHMMAa? ATOM-KyWwIH MHKPOCKOITHHU
UIUTAIIMHA aCOCUJa, 30HAHHM YpraHWIaAWraH OOBEKTHH CUPTH OWJIaH COAUP
Oynmaguran y3apo TabCUPHH Xap XWI TypiapuaaH Qoinananuim €taau. Yiap
opacuaa, Ban-mep-Baanbc Kywiapu, 3J€KTPOCTATHK, KanWIsApPJIH, KUMEBUU
¥3apo MyHocabatiap Ba Oomikanap 0op. by Meron HycxaHu mypakkad iyiap
OwiaH Tai€pnamiHd Tanad KWIMalaM, XycycaH OJJIEKTPOH MHKPOCKOIMMSA
UIUIATUNIAAUTaH OOBEKTHU KOHTPACTIMIMHM MeETaul €pAaMua OIIUPHUIIHU
Keparu Myk. By ycyn HycxanmapHu HadakaT XaBojaa, OalKu CYIOKJIMKIA Xam
Ypranui MyMKUH. ATOMJIM-KYY MUKPOCKONUSIHA YCTYBOPJIUTH, YHH KYPHII
MMKOHUSATIIAPU: y, aTOMJIAp Ba MOJIEKYJIajlap Aapakacuaa ydjlaMyd TaCBUPHHU
OJIUIIT UMKOHWUHHU Oepai.

’Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing
Pte. Ltd.», 2009.56-74 p.
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1.16-pacm. Amomau-kyu MuUKpockon époamuoa sa0po OKCUNNIAPHU KOMNIEKCUHU KYPUHULLU.

HanoayHéHU TAIIKKWI KWJIYBYH O0MOMAKPOMOJIEKYJIaaap.

Tupuk cucreManu MOJEKYJSIp Aapa)kaja TallKui OYIUIINAA acOCUN POJIHU
OroMakpoMosieKyanap (OuonoauMepiIapHu MoJieKyianapu) Oaxapaaunap. by
MoJIeKylanapHu ¥V3u Huma? buomakpomoliekyilapHu y3ura Xxoc Oyirad
CTPYKTypaJIapy Ba XyCyCUATIIapU KaHAam?

Buomakpomosiekyaa -0y OuomonuMepiapHH Kymiad KalTapuiiaJuraH
OMpIUKIAPUAAH TY3UITaH KyJa KaTTa MOJIEKYJIaCUIUp.

Hykneun xucnoramapunuar mosekynaiapu (JHK Ba PHK), renerux
uHGOpMaIMSHN TallyBUYMIApu OYiuO, ymapcu3 THPUK XyKalpalapHH Xaér
KYpHIIH Ba KyNaluy MyMKHH 3Mac. OKcuiiap, Xyskaiipajaa kedaJurad Xujima-
XHWJI KUMEBHM peakusIapHu KaTalau3 KUITyBYd (EPMEHTIApHU aCOCHHU TaIlIKHII
kmwiagu. JIHK, PHK Ba oxcummap, reHetuk wuHbOpMamus ydyH XKaBoO
OepaauraH Ba YyJIapHU YCTHAA Xap XWJ ONEpauusiiapHd  OaxapyBUH:
(HycxanmaHMIN, CakJall, Y3rapuill, caHaml, Oaxapuil) OHOMaKpOMOJIEKyJaiap
CHUCTEMAaCUHU TAIlKWI KujJaguiap.

1.17-pacm. IHonumep 3amnaicup (2emoenioOuHHU NOJUNENMUO 3AHICUPU; YHE MOMOHOA
noaunenmuo0 3aHiICUpHU oup oynazu).
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MaxkpomornexkynanapHu 3 TUIHN (aoTusAT KypcaTaan: OKCHILIAP, HYKJIeHH
KHCJI0TAJIap Ba MoJMcaxapuajiap. Yiap yudyH MaHoMmepiap OYnu0. TeruIiu
paBuIIa aMUHOKHCJIOTAJIAp, HYKJICOTU1ap Ba MOHOCaxapuIap
XucoOIaHaauIap.

JAHK - xy:xaiipaga reHeTuk MH(OpMaLUsAHM TAIIYBYU Ba CAKI0BYH
cuparuga. Xa€THU TYXTOBCU3 JaBOM JTHIIHM Ba aXIJOJJAH aBJOAra YTHUIIH,
Hacauil (reHeTHK) MHGOPMALUSIHU TallyBYMCU3 MyMKUH sMmac. dakat maHa mry
TallyBuUd Ty(ailsii TUPUK OPraHU3MHU TY3WJIUIIU. PUBOXKJIAHUIIM Ba XaET
daonusaTH axaoIapaaH, aBioiapra yraau. ['eHeTuk UHQOpMALUMSIHU aCOCH
tamyBuucu JIHK xuco6managu. Bupycnapna Oy ponnu JIHK Owman Oup
katopaa PHK xam Gaxapau.

1.18-pacm. I'emocnobun oxcunuHu MoaeKyI1aCUHU wakiianuut bocxuuiapu: I — monomep
MONEKYAANAPUOAH AMUHOKUCIOMAIAPOaH noaunenmuonap xocun oyauwu, Il — ynee kavipunean
noaunenmuou arb@a-cnupannu xocun oyauwu, I - anea-cnupannu enobynaea scovranuwiu, 1V —4
Ma NOAUNENMUOIU 2100Y1A0aH 2eMO2N00UH MONEKYIACUHY WAKLTIAHUWLU.

JAHK numa?/IHK (ze3oxkcupuOOHYKJIEMH KHCJI0Ta) — MAaHOMepJiap —
HYKJIEOTHJIAPAAH IIAK/UIAHAAUTaH mnojauMep (mosunykiaeoruna). JIHK
MOJIEKYJJACKM — MOJIEKYJacH VHI TOMOHTa KalpwiraH 2 KOMILJIEMEHTap
NOJIMHYKJICOTH/I 3aHKHpyalapJaH TalIKWI TOMNTIaH MaKpOMOJIEKyJajgapIup.
JHK cnupanuuu kamuamuru 1- 2 HM, y3yHiIury — 3,4 HM Oynaau.

[TonMHYKIEOTHIM 3aHXKUPJIAP, KOMIUIEMEHTAp a30TIu acociap, aJleHuH
— TUMHUH, TyaHWH- LHMTO3MH Opacujard BOAOpoJ Oofjapu OusiaH yuuiad
Typunagu. Tabuat Kangail Kuinb, TeHeTUK UHPOPMALUSIHU €311 MyaMMOCUHU
Xan KWITaHJIWIY, KUIIUAA XasvKoH yiiroTaau. byTyH ayHE kyTyOxoHamapuia
cakjaHaauran wHpopManusIapaH XakKMaH KYNpoK Oynran MHQpOpMalusHU
tabuar Oop-ityru 4 Ta Xapdaa TYIUIaraHIWTHra KOWWJI KoJMmacaaH OomIika
WJIOKU UK.
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I'eneruxk mndgopmanus JHK na andasurnu 4 ta xapdpu (A,ILT,I)
Omian €3wiIran Ba 4 THIJArH a30TJIM  acociaap (ageHUH, TyaHWH,
TUMHUH,IIUTO3MH) CAK/JIAraH HYKJICOTHIJIAPHHM KeTMA-KeTJIUIH OPKAJIHM aAKC
syrrupuiarad. bup xun oxkcun (PHK) monexymnacunu xommosun, JJHK Hu 6up
Oynmaruau rTeH Ae0 artanmraH. ['eHetuk  wHpOpManMs,  MOJIUIENTHL
MOJIEKyJIajJapuard aMHHOKHUCIOTaJap KEeTMa-KeTJIUTMHU Oelruiaad Ba Iy
OpKaJIM OKCUJI MOJIEKYJIACUHU OupiiaMuyu CTpPYKTypacuHu Oenruna® Oepanau.
JHK xyxaiipanu sigpocuna (sapo JHK cu €ku xpomocoma JIHK cu) Ba
nuroruiasmaza (aaponas tramkapunara JJHK) sxoinamany.

[Murorutasma opranougnapuan JHK cu (xyopomacmiap, MUTOXOHIpHUIIAP)
saapoaaH Tamkapucuaaru ¢xku nurorutazmMatuk JJHK ne6 nomnananu. ¥V, kympok
AHAJIMTUK JTUHUICH OpKaJIM y3aTUIIyBUYM UPCUM HH(DOPMALIMAHU TAIlIUNHIN.

PHK cTpyKTypacMHMHI y3Ura XOCJIMIM Ba YHHMHI caiiépaMHM3HH JHI
KAAUMIM HAHOCAHOATHIATH POJiM.THUpHUK OpraHu3miIap HyKJIE€HH KHCIOTaJIap
JIHK 6unan 6up xatopaa PHK (pubonykinenn kucinoTa) Xxam cakiaaiaunap.

PHK 6mnaan IHK opacugaru ¢papk HumMaaa? DHr aBBajlo, UKKU XKaHKUPIIU
JHK nan  ¢apxmu  ymapok, PHK Oup 3amkupman wubopar Oynrax
MaKpOMOJIEKYJIa

1.19-pacm. PHK nune kumésuu cmpykmypacu

PHK, IHK Hu monekynacuna cunte3 O0ynanu Ba JIHK 3amxupnapumgan
OMpUHM y4acTKaCHHU KOMILJIEeMeHTap Hycxacu xucoOnananu. PHK vu kumésmit
TapkuOunu ¥y3ura xocnuru myHaan ubopatku, PHK JIHK monexynacuparu
TUMUH YpHUTA ypamuul 1e0 HOMIJIAHTaH a30TIu acoc cakiaiau. by wmkkama
MakpoMmosekynapuu siHa Oup ¢apku, JHK na wykneotun Tapkubuna
nesokcupubo3a Oynca, PHK ma puboza xoitmamaan. MonekymnanapHu
KaTTaJNru, XyXaipaga >koinanuiy Ba GpyHkuusiiapu OVitnda QapkiaHaaurad
PHK wu xap xun tumiapu Mabiym. [lacTMonexkymsip oFupiivKkka 3ra OyiaraH —
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tpancnopT PHK (TPHK), xyxaiipanaru ymymuii PHK cunu 10 % wHu Tamkun
KHJIU.

['enetuk uHpOpMALMSIHI peanu3anusicu gaspuia, xap o6up TPHK mabiaym
AMUHOKHCIIOTaHU y3ura Oofnald onaaum Ba pubOocoMara S’bHH OKCHJI CHHTE3
Oynanuras xoiira Tamu6 0opaau.

Pu6ocomamu PHK (pPHK) xyxaitpa PHK mapunm 85 % nu tamkun
kwiaau. pPHK, pubGocomanap tapkubura kupuO, CTPyKTypaiu (YHKIUSHHA
Oaxxapanu. bynnan Ttamkapu, pPHK pubocomanun ¢aon mapkasuHu
HIAKJJIaHUIINWA KaTHamaau. Pubocomann gaon Mapkasujaa, OKCUI OMOCUHTE3N
*KapaéHuJa aMUHOKHCIIOTaJap MOJIEKYJallapy opacuaa Mentuj OOoFaapu XOCHI
oynamu. Mudopmarmon €xu matpunanu PHK (MPHK, MPHK), xyxaitpama
CUHTe3 Oynanurad 6apua Typaard OKCWIUIAPHU CUHTE3UHU JAacTypJiaidIu.

1.20-pacm. Pubocomaoa (A), nonunenmuo 6uocunmesu sxcapaénuoa (/) uwumupox smaouean
mampuyaruxk PHK (5) ea mpancnopm PHK (I') nap

Pubocomanap ep ro3uaa, OyHaan 3 Miapa Wuiap OJAMH Maiao OyiraH,
SHT KaauMru HaHoodaOpuka ne6 TaH onuHradH. Opam OopraHu3MH y3uja MaHa
IIyHra yxmarad HaHogaOpukajapHu OMpHeYa 103 TPUIITHOHIAPUHU CaKIaiau.
Pubocomanapna, xyxaiipa sapocunaru uPHK onu6 kena€rran nonuxanapHu
HyCXaJIapy acOCHJIa, OPTaHU3M YUyH 3apyp OYiraH oKCHJIJIapHU Oapyacu CUHTE3
oynaau.

Pu0oHyK/IeMH KHCJI0TAJIAPHH XHIMA-XHJLJINTH Ba QyHKIMSJIAPH.

PuGonykiienn Xy:xaupajaa-

KHCJIOTAJIAp T MUKJOPH, @OyHKnusiJIapu
HOMJIApH %
Tpancnopr PHK 10 Mabiym aMAHOKUCIIOTaHU y3UTa
(T PHK) 60fa6 onub, pubocomara eTkazud
oepanu.

Pu6ocomanu PHK 85
(pPHK) Pubocoma Tapkubura Kkupasu,
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CTPYKTypa QYHKIMSIHA XaMJa
pubocomanu (Haon MapKazuHU
MIAKJUTAHUTIIAA UIITHPOK JTAIH.
Nudpopmanmon €xku | S

Marpunam (u PHK, Xyxkaiipaaaru 6apya KYypUHUIIAATH
M PHK) OKCWJUJIADHU CUHTE3UHU JACTYPJIAn]IN.
Okcwi1 MoaJaJIapHU TY3WIHIIM Ba (PYHKOUAIAPU.XAET — “OKCUI

Mojdanapau  QaonusaT kypcatum  ycyaun’. Huma cababdmaH okcusiap
Xyxaiipaga Ba OyTyH OpPraHu3Ma 3HI KYII TapKAJIraH MoJieKyJajJdapaaH
oupu Oyaau? by caBosira xaBoOHH, ynap Oaxkapanuran QyHKIUSIIApHU
KYOKUppaTurugal axtapuimn kepak. Oxcwinap Oaxkapanuran (QyHKIUSIapHU
acocuiliapu cudaruna KyWHIaruiapHH KEITHUPHUII MYMKHH: IJIACTHKJIHMK
(KypyBUMIIMK), KaTadUTHK ((QepMEHTAaTUB), TPAHCHOPTIUK (TalIyBUMUIIHK),
TOPMOHAJ, XUMOS KUIYBUMJIMK, Xapakarra KeNTHPYBUMIMK, YCTYH Ba IIAKI
OepyBUMIIHK, JHEPreTUK, peLenTOPJINK (ce3rupiuk), 3aXUpaiuk,
AHTHOMOTHUKIIMK, TOKCUHJIHK.

Mana mysaaid, pyHKUMsUIApHU KYIKUPPAIUTH, OKCWIIJIAPHU CTPYKTYpPAacH Ba
xycycusariaapu — OwiaH  OoFnuk.Yinap — HuManapgaH — ubopar?  Okcun
MOJIEKyJIaJJapuHl KUMEBMM CTpyKTypajapu Kanzail? OKcui MoJeKyJanapu
(dazona KaHaal Ty3uaran?

Oxcnsi  MoJsiekynapu — moJuMepJap. YJapHM MOHOMEpJiapu —
amuHokucioranap. Tabuatna 100 ra sskuH amuHokucioranap 6op. lynapaan
dakar 20 Tacu THUPUK OpPraHU3MIIAPHU OKCWIIIApU TapKuOWra Kupau.
AMuHOKHCIOTanap »HT kKamuga Outra amubHo (-NH,;) Ba Ourra (- COOH)
rpynmnara srajuap. Oxcun MOJIEKYJIaCUHU HIaKJIJTaHTHpaAETranaa,
aMUHOKHCIIOTaNap OMpUH KeTHH, Oup-Oupnapu OwnaH nentun Oornapu OuiiaH
Ooormanagunap. llentun — (koBaneHt,  azorT—yriepon) ©Oorm  —  Oup
AMUHOKHCIIOTAHW aMUHOTYPYXH OWJIaH, UKKMHYM aMUHOKHCIOTaHU KapOOKCHUI
TYpyXH OpacuIaru y3apo TabCHp HaTWKacu cudarujga Xocwi Oyiaau.
AMuHOKHCIIOTanap oup-oupnapu Ouian nenTtua 6oFaapu opkKaiu 00FIaHuo, Xap
XWJI Y3YHJIMKra sra OyiaraH nentuaiap (AUNeNnTuuiap, TETpamnenTui Ba X.K)
xocun Kuwiaguiap. Kymma® aMuHOKuCIOTanapHu —y3apo  OOFJIaHUIINMIAH
noJunenTux xocun Oynanu. OKCHIUTApHU KYNUMIIUTH, FOKOPU MOJIEKYJIalu
noJunenTuaIap xucoOaaHaauiaap. YaapHu TapKkuOuaa 1o31aH Oup Heya MUHITA
SKUH aMUHOKHUCJIOTaNap OYIUILIN aHUKJIAHTaH.

IMoannenTua 3aHKMPHU TaPKUOUIATH AMUHOKUCIOTATAPHU KETMa-KeTJINTH,
OKCWJIHU OUpJiaM4M CTPYKTYPACHHM TamKui Kuiaau. OKCHUI MOJEKyJIacCuHU
MIAKJIN, XyCYCUATIapy Ba (YHKIMUIapH, yIapHU OuUpiaM4M CTPyKTypajapura
Oormuk. AMMO, OupnamMuyu CTpyKTypa OWiIaH OKCHJI  MOJEKyJaCuHU
LIAKJJIAHUIINA TyraManuIu.

OKcH/UIApHU CTPYKTYPACHMHH MIAKIJIAHMINY KaHIal KUJIM0 HUXOSICHTa
eraau?
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HNxkxanaMuu CTPyKTypa — TOJMIENTH 3aHXKUPUHU YHT TOMOHTa Kapad
Oypanran £- coupangaH [akK/UlaHagd. by  cTpykTypa xap  Xui
amuHokucnoranapau — CO — NH — rpynnanapu opacuja MakJJIaHTaH BOJOPOJ
OOFNapu HaTHXKacH1a KeJTHO YMKAIH.

Kyn okcwinapma moumnmenTwy 3amKApIUIAp KHAIManuO, Yy3ura Xoc
paBuIla Ypajlaaud Ba HOTYFpU AYMaJoOK CTpPYKTypara — rioOynara aijaHaau.
Mana myHjnaid TapTuOJa OKCHJIHM YWIaMud CTPYKTypacu IIaKJUIaHA]IH.
['moOynaHun MycTaxKaMJUI¥d aMUHOKHMCIOTAJIApHU paJuKaulapd  opacuia
HIaKJIJIaHaIUral Xap Xuja Oornap (aucynbdua, MoH, BOAOpoA Ba THApodo0)
OuJiaH TabMUHJIAHAH.

Onuromep (MyJabTHMEp) OKCWUIAp TYPTJaM4d CTPYKTypara ora
oynamunap.

1.21-pacm. I'emoznobun monexyracunu oupramyu (a), ukkaramyu (0), yuramyu (8) 6a
mypmaamuu (2) CmpyKmypaiapuny OupuH-Kemun warkuianuuu

bynmaii okcuiuiap Oup Heda  MOJUINENTHA OOFiapupaH uOopat
oynamunap. Ilomunentummap y3apo ruapodod y3apo MyHocadatiap, Xamjaa
BOJIOPOJI Ba HOH OOFJIapy OpKaiu OOFIaHauIap.

1.5. Tupuk xyxkaiipajgapaa oKCUJLIU ‘‘HAaHOMOTOPJIAp”.

Xo3up smad TypraH opraHusmiapaa Ttabuat 3,5 MipA. Wil aBBal
KOHCTPYKIUSI KWJTaH HAHOMOTOpJap WIUIA0 TypraHura HIIOHUII KUHWH.
Oxkcwun “moTopiiap” Xy»Kalpajaa coaup Oynanuran TaOuui HaHOKapacHIapia
UIITUPOK 3Tanuiap. MacanaH, Xyskapajgaru >HEprusiHM yHUBepcaad MaHOau
oynran AT® HM CHHTE3M OKCWJUIM HAHOCTpykTypa — AT® —  cuHTa3a
dbepmenTu umTUpokuaa yraau. by depMeHT — Oupranvkia MIUIOBYA MKKHUTA
POTOPJIM HAHOMOTOPJApPJAAH TY3WITaH MEXAHUK YyCKypmaaup. MortoprapaaH
YMKAJUTaH MEXaHUK dHeprusi, AT® MOJIEKyIaCUHU CUHTE3HU1A UIUIATUIIA .
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PoTtopnu MoTopnapnaH Tamkapu, THPUK OpTraHU3MIIAPHU XyKalpaiapuia
I0371aH KYIIPOK HaHOMOTOpJIAp, ydpauauiap. by HaHOMOTOpJIap TYFpU YM3UKIN
XapakaTHU TabMHUHJIA0 Typaaunap. Yiap, XyxkaipagapHu Xap Xuji KUCMIIapUaa
x)oimamran 0ynu0, Oup-Oupnapunan QyHKIUsIapu Owiad (apk Kuiaguiap.
bab3u HanomoTOpmap OupHeda 10371a0 Kamamiapaad uoopaTt OyiaraH Mypakkad
TabCUPJIAPHU amMara Omupaauiap, Oas3mwiapu 3ca, hakaT OMpruHA TahCUPUHU
Oaxkapuira mymkamnanrad. OKcWUM MoTopiiap Oup-OupiapugaH HadakaT
TabCUpU OWJIaH, OAJKU OFUPJIUTY OujiaH XaM (apk Kuiiaauiaap. X03Upru BaKkT/a,
OKCWJIJITADHU y4 KaTTa CUTMEHTWUTAa: MHUO3WH, WHEWH, KHHE3WH ra KUPYBUYHU
TYFpU YM3UKIN XapakaTJaHyBUYM MOTOpJAp JKaAaUIMK OWIaH YPTraHUIMOKIA.
Muo3sun okcwim 1864 iunna, ouwnran 6ynacana, gakar XX acpHUHT UKKUHYHU
spMUTa KenuO, YHU MEXaHWK SHEPTUSHU WIUIATUIIN aHUKJIaHTaH. Muo3uH
MOJIEKYJIACH, OJ/INI MEXaHUK Ky OYiau0 y, Oup Xusl XapakaTJIaHUIIHU amara
omnpu0, KEHUH XapakaT kapaCHH1aH YUKUO KeTau.

Capkomep

— ————
B rrrsr s rrrmr s s i rrrrrsrrirr i B
|t e ot ot v
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1.22-pacm. Mywakniaphu Kuckapmupuut cxemacu, YHOa MUO3UH OKCUNU ACOCUOAU, MYSPU
YUSUKTIU XAPAKAMAAHYSYU OKCUILIU MAMOP UUWMUPOK smaou: 1 — mywax moaanapu; 2 —
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MYUWAK MOIACUHUHZ MAXCYC OP2AHOUOUHU (hpasmenmu — Muoguopuinap; 3 — MUO3UH
Monekyacu

Pacmaun mactku (OK - KOpa) KUCMHJAa MUO3WHHU MOJIEKYJIACUHM AKTUH
MOJIeKyJIaapura HucOaTaH '/, J0Mpa TYFPH UM3HKIM XApakaTd IIyHAail aKc
STTUPWJITAHKH, MOJEKyJajlapHu Oup-OupiIapyHU BaKTUHYAIUK OoFap
KYTIpUKYaIap XOCHJI KUJIUO “KOTIaiy Kymasiim’ .

KyvHe3uH OKCWIMHM HMKKH KYJJIM HaHOPOOOT cudaruaa Kapai
MyMKHH. By Kyiauap €épaammpa, y iyaoomm Oyiimya XapakaTJaHAIW.
Myn6omm — OKCHI KeTMa-KeTIurd xucobiaHamy. By KeTMa-KeTInK, oXupuia
noyisipianrad. Kunesun Oyimad mandwii momrocman MycOar mosrocra Kapab
xapakaTiaHaau. KWHe3WHIM HaHOPOOOTIap Xap XWJI TUIJAArH XyKahpamapaa
KaTTa MUKJIOpJa yupauauiap.

Bakrepusimapma, MacamaH wWYak ~— TaéKyacua ~ MEXaHWK  OKCHIUIU
HAaHOKYpHJIMAJIAPHU sTHA OUp KU3UK MUCOJIH YIPAUIH.

1.23-pacm. Huax maékuacu. E. Coli xapaxamea kenmupysuu ycKypma — XugyuHiap —
POMOPAU HAHOMOMOPAAP XUCOOIAHAOUNAD

by wexanuk pobOotinap rypyxu OYynmb, ymap Y3mapuHu, “Kya1 —
o€KJlapuHU~ ~ XapakaTIaHWuIM EpaamMuga Xy>KapaHu Cy3u0 IOpUIIUHH
TabMUHIaAU. ByHmail poboTiapHu pa3sMeplIapuHUHT JUaMeTpU TaxMUHAH 45
HM. YnapHu ¢aonuaru Xa€Tuid MyxuM (QYHUUSHM TabMUHJIAWIMA, YYHKH,
YHUJIMK KyJaili OYamaran MyxuTAaH SXIIUPOK MYXHUTTa XapakaTjiaHUIl HYaKk
TaéKyacura yxmiiaraH OpTraHM3MIIApHM TUPHUK KOJMIIMHU TabMHUHIA0 Oepanu.
OnumiapHM  aHWKJIANIIApUra Kypa, MeEXaHuK poOoTiapaa  xapakarra
KEeATHUPYBYM aCOCUU YCKypMa pOTOpJM HAHOMOTOpJIAp XHUCOOIAaHAp SKaH.
bynna, pobGorinapuu Tapkubura OOIIKa KU3UK MEXaHM3MIIAp, MacajaH,
OynakuanapHu XucoOra oryBUMiIap, YIYOBIN yCKyHAIAp Ba X.K. by poboTnapan
CTPYKTYpacCMHHU YpraHuIl y4yH Ky HIUIAp KWJIHUII Kepak, SHT aBBajo OyHaai
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HAHOPOOOTNAapHU MIaKIaHTHpaguran 20 Xwi1 OKCWUIap KaHAak ¥3apo
MyHoCOaT/Iapra KHPUIINHN AHAKIALT 3apyp.”

Ha3opar caBosuiap:

1. Hano6uoTexHosorus Huma?

2. HaHOOMOTEXHONOTUSTHUHT HAHOTEXHOJIOTHUSITa HUCOaTaH Y3ura XOCIUru
Humazaa?

3. HanoctpykTypanap HuMa Ouinad xapaktepianaan?

4. HanomacmraOuu (HaHOTYHE DJIEMEHTIAPUHN) HOEO MY HUMasa?

5. Hanoxapa€nnap Ba HaHOXoAHMcCanap HUMa?

6. buomakpomonekynaiap Huma?

7. Cuzra tanui 0ynran OMOMaKpoOMOJIeKyIaJapHi MOHOMEPIApUHU
xXapakTepiiad OepuHT.

8. Xyxkailpasa reHeTHK axO0pOoTIapHH cakjialil Ba yHAAH (oigamaHu
yU4yH jkaBoOrap MakpomoJiekynajiap Humanap?

9. IHK moneKynacCuHUHT TY3WIMIIUHU TYITYHTUPUO OEpUHT.

10. I'enom HuMma?

11. “Kuuyukaan katrara” Ba “kaTTaJlaH KUUMKKA NPUHIUILUIAPUHU
MHUCOJUIap OUJIaH TYITYHTUHPUO OCpUHT.

12. Monexkyisap “TaHunr’ Ba “y3-y3uaaH WMFUIUIT HUMA?

doiigananniarad agaduériaap:
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.AnukynoB. Hanoouorexnosorusi. Tomkent, 2015. 312
0.

*Ehud Gazit. Plenty of room for biology at the bottom: an introduction to Bionanotechnology. London.:
«Imperial College Press», 2007.51 p].
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2-mas3y: ITHK MOJIEKYJIACUHHUHI CTPYKTYPACH BA
XOCCAJIAPU ACOCUIA HAHOBNOTEXHOJIOTUSAJIAP.

4 PEJKA:

2.1.  Hanobuomexunonoeusoa uwiamunaouean J[HK nume xoccanapu.
JHK Hune y3-y3uoan ukkuiauuwiu (aymopeniukayus).

2.2.  Hykneun KUCTOMANApUuHU eubpuouzayuscu 6a
AMNIUDUKAYUACUHUHS AMATULL AXAMUSMU.

2.3. JHK ea oxcunnap acocuoa apamuiean KOHCMPKYYUsiap.

2.4. buouunnap e6a ynapuu JHK cmpykmypacunu ypeanuuioa

\ ULUAAMUTUUIU.

~

Tassnu ubopajgap: amniukoH, amniuuxayus,  aymopeniuxkayus
(penauxayusi) OHK, Ououun, eubpuouszayus, Joenamypayus JHK (Ouk
oeHamypayusacu), UMHIAHMAHM, NOIUMEPA3HAS YEeNHAs Peakyus (3audicupiu
noOAUMEpPA3a peakyusacu)

2.1. Hanoouorexnonorusina uuuiaruiaaurad J{HK um xoccanapu.
JAHK HM y3-Y3uaaH HKKWJIAHUIIN (AyTOpenJInKALus).

Tupuk opraHu3smiapHM UWKKA acOCHUM XYyCYCHSTU: — HPCHUSIT Ba
VarapyBuaniuk, [IHK Hu HOmup Xxoccamapura acocnanaau. Xy, JJHK #u Oy
xoccanapyu Humamnap?
bupununnan, JHK moJiekynacu y3-Y3uaaH TUKJIAHUII XyCYyCUSITUTA 3ra. Vs3-
V3uaaH MKKaJaHUII WYnu OWIaH Y3UHU-Y3U THKJIAH OJaJuraH siroHa OMOJIOTHK
MakpomoJiekyna — 0y JIHK monekynacumup. Mana my Xycycuaru Tydaiim
JJHK — xaéraum Oapua Xyxkadpald IIaKlapuaa HWPCHM axOopoTiapHU
TAIUIIICK yTa MachynusTiu Badudanu Oaxapamu. VKKMHUMIAH, Xap XHJI
typaapau HK mosexynanapu, rudpuaanus y4pam UMKOHUSITHTA 3ra —
xap xun tTypaapuHuar JIHK 3amxupunu Oynakuyanapu SroHa MUKKU3aHKUAPIA
JIHK monexynacura Muruivimy MyMKHH.

JHK Hu Oy Xycycustinapu, HaHOTEXHOJIOTHS MyaMMOJIapH OwuiiaH
MyFyJUlaHAAUTaH TAAKAKOTYM Ba MYyXaHIUCIApPHH OJBTUOOPUHU  y3UTa
TopT™Macian konMaau. Anbarra, JIHK Hu Hadakar Tupuk xysxaiipanapaa, 6anku
VHIAH TamKapuaa, SbHUA JlabopaTopus Imapoutuaa (in vitro) xaMm HaMOEH
Oynaérran OyHaall Xycycusiiapu OujiaH OapyaHu XailpaTra coJiMacliaH
KynManad. byHnal XyCyCUSITHU acOCH/IA, )Ky/1a KaTTUK KETMa-KETIMKAA COMUP
Oynmamuran >xkapaéniap Ba xoaucanap €raau. by kapa€H Ba xoaucanapHH
MOXMSITUHM TYIIYHMAacJaH TypuO, yJapHU MOJEJUIall xamja in vitro Ba uiuiao-
YUKApUII [ApOUTH/IA KAUTapuIl MyMKHH 3Mac.
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TUPUKIUKHUHT ¥3-Y3unaH KalTa THKJIAl MyaMMOCHHU TaOuaT KaHJai
k6 eunu? Kanpait kunmu6, JTHK monekymacu, y3uHu-Y3u KaiTa THKIAIN
MyMKHH, OoIllKaya KwinO alTranga, KaHmal KAiauOd OHa MOJEKYJa, Ku3
MOJIEKYJIAHU Mai10 KWIKIIK MyMKUH? MaHa 11y y3-y3ujaH Kaita TUKJIaHUITHA
acocuga, JHK HuM ¥3-y3uaaH MKKWIaHMM (ayTopemnkKanuda) éragd. Y
KyWuJaruia amanira Ouaiu.

PHK npaimasa

2.1-pacm. JIHK Hu y3-y3uoan ukkuranuwu (aymopeniukayusi)

Maxcyc pepmenTiap (Tomouzomepasa Ba xenukasa) JJHK vu mactnabku
(OHa) MOJEKyJIacCMHM TapKaTaJWjap Ba WKKU [OJUIIECNTHA 3aHXUpPra
axparanwiap. Ona JIHK ©um xap Oup 3amxupu, [AHK-mosumepasa
dpepmentn épapamuna, IHK HM ssHru éxku 3aHKUPUHM eFUII YYYH MATPHIA
0yIu0d Xu3MaT KUJIaau.

JAHK-nonumepaszanu y3ura xoc xycycuaru mmyku, y ku3 JHK Hu
CUHTE3MHU HynAaH Oomnuiail onmaigu. JHK-monmmepasa, mnonmHykiIeoTung
3aHKUPUHH 3'-yuu Gy GyiraHma, yaapra HyKIeOTHIAp Kyina (yimai) onamu.
Mynunr yuyn aBBan Oomka (epmenT-PHK-npaiimaza, PHK-3atpaBka Kypaau
Ba yHaaH KkeuuHruHa, JIHK-monmMmepasa Ku3 3aHKUpHHM — y3auTUpagu
(Yctupamu). bynga, OutTra Ku3 3amHXup, (€Takud) TYXTOCHU3 CHUHTE3 OYynub
Typamu. bomka Ku3 3amkup (Kynok), Maiga ¢parMeHTiaapaaH (OKazaku
dbparmentnapuaan) eruwinaau. lynnan keiina, JAHK Hu OuTTa KHU3 Ba OUTTA
oHa 3aH:KUpH yaauud, JHK Hu K13 MosieKyJTacCHHU X0CHJI KHJIA/IH.

Huxost, ty3wmmm ona JIHK nan dapk kuamalauraH MKKH KU3 HKKH
3aHXKHUPIM MOJIEKyJlallap maiio Oynaau. Yiapuu xap OupH, JacTiaOKu, OHa
JIHK nan MonexkynacuHu Oup 3aHXUpPHUIAaH Ba OUTTa SIHTM CUHTE3 OYJIraH Ku3
3aH)KUpUJAH TalIKWI Tomnran Oynaau. bup aBnoanaH, KeWHWHIH aBjiojra OHa
JJHK  monexkymacuman  ¢akar  OuprunHa 3amwkup  yraaurad, JIHK
PETUIMKALUACUHN MEXaHU3MH, IPUM KOHCEPBATUB MEXAHU3M J1e0 HOM OJITaH.
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2.2. HykjieMH KHCJI0TAJAPUHU TMOPUIN3ALMSACH Ba
aMIUTHPUKATMACUHUHT aMaJIuii aXaMUSITH.

JJHK MOJIEKYJIACUHUHT UKKUHYU YHHUKAII XyCyCUATH —
rUOpUAM3AIMUIaHUIT KOOUIUSATH — YHUHT CTPYKTYpacHMHHU Y3Ura XOCIUTHIra
acocyanrad). Xap xua Typaap (opramm3miap) JHK moaekyaacunu
ajoxXuaa  3aHKUpJapu  Kymmand, sroHa  ukkm3awxkupam  JHK
MOJIEKYJIACHHH X0CHJ KMJIMIINIa rudpuansanms 1ed araaaam.

Arap Xap MKKHU 3aHXUpJard HyKJIeTHJIApHU XaMMacu Oup-Oupura TYauK
KOMILJIEMEHTap OyJica, KYIIUIUII €HI'WIT Ba Te3 YTaau. Arap, KOMIJIEMEHTapJIUK
TYynuK O¥ynmaca, 3aHKUpJapHU OMp-OMpHUra KYUIWIMIIKA Ba MKKU 3aHXUPIU
(mymuiekc) MoJieKyJla XOCHJI KWIMII CEeKMHIamagd. MaHa 11y KYIIWJIUIIHUA
TE3MUTMHUA Oaxojall acocuia, AAcTIaOKH 3aHKUPJIApHU KOMIUIEMEHTapIIUK
JapakacH XaKuaa XyJjaoca KUIMHAIH.

bapua Ttupuk opranmsmiapnaa dakat ukkuzamwxupan JHK daomust
KypcaTranauru cababmnu, “kKaepaa Ba kKanaaili mapoutaa JJHK wvu Outra
3aHXKMPH XOCHJI OyJIMiuM OYauimu MyMKHMH?”’ — JieraH caBoJl maiino Oynanu.
in vitro (mpoOupkaga) mapoutugaru skcnepumentiaapaa JHK nu anoxuna
samkupaapu onuaran. JJHK monexynacuuu 6ydep spurmacuaa sputu6 100 °C
a KU3AUpWITaHaa, KOMIUIEMEHTAap acociap opacujaard BoJopoia Ooriapu
y3unaan Ba JIHK Monekynacu HMKKM aloxuaa MOJUHYKICOTHIT 3aHXKHUpra
axpananu. by xkapaén JIHK uu nenarypanuscu (“spuin’) 1e6 HOM OJIraH.

T i K .

S R

Buno 1 Buao 2
1-KYpUHMLL ‘ it 2-KYPUHHULL
Apanawtvpuw Ba
-.\— COBYTULL
Dymnekcel
1-KypuHUW | 1
MBPWOHBIA Aynaexkcu

[Oyparan
Aynnekcu

5 " Ikl

— KypuHiw
Aynnekcu

Mc )

2.2-pacm. /[HK monexynracunu 2u6pu0u3auuﬂcu Oyiiuya ymrazunean masxcpuba cxemacu
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Nkku xap xun tunra wmancyd Oymran JHK  3amxupnapunun
apIAIITHPraHAaH KeiinH, sputManu coBytu6, 65 °C nma ymua6 Typumica,
3amkupiap Oomkagan Oup-Oupnapu OwnaH KyunumoO, ukkuzamkupiau JJHK
xocun Kuiaaunap. UkkunamMuu cnupaiHu KauTapuiniy (THOpuan3anusicu, EKu
Oy >xapaéunu “orTxur’ ned artamraH) comup Oymaau. byHma, xam rulpua
MoOJIeKyJanap (myosekciap), Xam Xxap Oup AacTiiadku Typra cnenudux OyiraH
Mosekynanap xocun Oymamuinap. bup 3anxupan JHK HM OTKMTHHMHI
Te3JIMTMHUA AHAJU3 KWIMII opKaau, Aactaadku [AHK moaexynanapunmn
opacuaard (papKHM Ba YXIIANLUIMKHA 0aX0J1a1l MyMKHH.

Mana my wmeton acocupa “IIHK-JIHK” tunupmaru nyriekciapHu Ba
“INHK-IHK” tununaru Oupukmanapau makuiantupuil mymkud . JJHK/PHK
rUOpUIN3aLMICH HATHOKAJIApUHU aHanu3 Kuiui, Y. ['unbeprra, reHHH MO3aukK
TY3WIMIINHY Kypuuira épaam 6epau, Oy aca, XX-acpaa MojeKysip Ouonorusaa
KUJIMHTaH WUPUK SIHTUIMK cU(aTHa TaH OJUH/IY.

/1000000VHDS

DODOGODGHDL
oHk|[aHk  AHK]|PHK

2.3-pacm. JIHK eubpuouzayuscunune cxemacu

JAHK Hu 0y HKKHM YHMKAJ XyCYCHUAT/JIAPH: y3-Y3MIAH HKKHJIAHUII Ba
rHOPUAM3ANUAIAH AMATMETIAH KaHAal (oiigatanum MyMKHH? X03Upru
BakT/Aa Oy XyCycHsITIIap KyHuJaru coxajiapia UIIaTUIMOKa:

-JIHK na mMabaym HyKJI€OTH] KETMa-KETJIMKKa 3ra OYJaraH HyKJICOTHIIap
(reniap) COHUM TOIHII YUYH;

—XyxXailpana OUTTa reHHU (SrOHAa TeHHU) OOPJIMTUHU IOKOPU aHUKJIWKIA
KypcaTtud OepuIll yuyH;

—Xyxanpana matpuiia PHK cunm anoxuna TypiaapuHu aHUKJIAII YUYH;

—MypTak pUBOXKIAHMILK JaBOMHJA TEHJApPHU CaljIoB (paoyuMruHu
YPTraHuIl y4YyH;
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-JIHK na canamaguran (TpaHCKpuIIUs OynanuraH) Ba CaHaJIMalaWraH
(TpaHCcKpuOLUsA OYIMalIUraH) HYKJICOTHAJAPHU KETMa-KeTIIMTUHHU aHUKJIAII
YUYH;

JJHK HM pennukauusjaaHuIl Ba THOPUAM3ALMUIAHUIT UMKOHUSTIAPU
acocuga, omumiap JHK wm ammmduxamms (xynm maportaba HycXajJaHMHII)
METOJMHU HIIad YHKUIIra HSpulauiap Ba Oy MeToJ aManuérna KeHr
UIUIATWING KETMHMOK/A.

JHK Hu CTpyKTypacHMHM aHUKJIalml (HYKJICOTHJ KETMa-KETJIUTVHH),
ouonorusi, TUOOMET, KULUIOK XYXKAJIWUTH, apXEoJIOTHs, MaJeOHTOJIOrus,
KPUMUHAJINCTUKAAA KyHIaH-KyHra KeHr wunulatwinbd kenuHMokaa. JIHK
CTPYKTYpacMHHM AaHUKJIALl Maxcyc JiabopaTopusi MeToAJIapu €praMuja oiud
Oopunamu Ba TaIKUKOT OOBEKTH cudaTuaa, OUp OpraHu3MAaH axpaTuo
onuHran karra mukaopaaru JJHK vy tanad kunagm.

Arap TagKuKOT4YH uXTHépuAa aturu Oup Heua €éxku Ourra JIHK
MoJieKyJlach Oyiaca, HuMa Kwinm kKepak? 1983 iuirayua JIHK Hu
CTPYKTYPACHHH aHHKIAII MyaMMOCH XaJl KWJIMHMAaraH >, Yma (1983) i,
amepukanuk oium, K. Mromnuc 6y myammonu, JIHK Hu yHukan xycycusitnapu:
¥3-y3ugaH WKKWIAHWIT Ba TUOpuaW3anusanaH ¢Goiganann0, Xaja KWIHIra
spugn. K. Mrommc -Ilonmumepasza 3anmkupian  peakuusinu  (ITIP-
MOJIMMePa3Has LelHAs peakuus) aMajira omupau Ba 0y peaknusi acocuaa
JHK moJiekyjJacHu “HycxajaHuur’ MeTOAU APATWIAM. By MeToaHM MaMui
HOMHM HYKJIEMH KHCIOTaJapuHU amIuiidukanus (HycXa COHMHHU KYNaWTHPHIL)
metoau ne6 aramaau. by Meron OwimaH Oup Hewa coaT JaBOMMJA,
mosiekynanapau (rewnap JHK Oynaxnapu) MuumoHnad HycXajdapuHU OJIMIL
MMKOHU Tyruiaau. Hycxamap CcoOHM KyInaMraHgaH KEWWH, YJapHU OJJUH
naboparopus MeToIapy EpaaMuaa YpraHuil OCOHIAMIAIH.

Awmepukanuk onum sipatrad [II[P meronnmapunu s3cna® yrumra ypuHHO
kypamu3. bupuHum wmacama, Oy METOOHM amalra OUIMPUIN YYyH KaHJail
Oupnamuu (gacTiabKu) KOMIOHEHTIAp TaW€piaml KepakIUTMHHU aHHUKJIAIL.
bynnaii koMIIoHeHTIIapra Kynuaaruiap Kupaiu:

1) AHK — marpuna — JIHK monexynacu €xu yHuHr kucmu (Oy, BUpyC €Ku
Oaxtepusinu aturu oupruna JIHK monekynacu 6ynuin MyMKUH);

2) Ilpaiimepnap (20-30 xydT HYKJICOTHIJIaH TAIlIKWJI TOITraH, YHYAIUK
KaTTaMK Oynmaran ¢parmeHntiap). by mnpaiimepnap, ypraHunaguraH TeHHH
OXUpHJIArM HYKJICOTHAJAp KeTMa —KETJINTUIa KOMIUIEMEHTap OYyiIuIl Kepax.
IpaiiMepnap MKKH MaKcaara XM3MaT KHJIa[uiap: OMPUHYHIAH, SpKUH 3'-yuin
KeTMa-KeTMK TarauM Kuino, JIHK — nonumepasanu umra tymmpu6 rodopaiy;
ukkuHungad, ¢epmentan JIHK HM HycxamaHumira TaHJIQaHTaH Yy4yacTKacu
JoupacuaaruHa Hipiamra MaxOyp Kuiaau, (GpepMeHTHH (QaOTUSATHHH HKKU
TOMOHJaH 4yerapa MaxOyp Kuiaau, GepMeHTHH (DAONUATUHU UKKH TOMOHJIAH
yerapanabd Kysiam;

3) JHK HM sHrM KOMIUIEMEHTAp 3aHXKUPUHU CHHTE3 KWIHII YYYyH
MaTepuai XucoOJaHraH HyKJICOTHITIap apajaliMacH;

4) IHK — nonumepasza ¢pepMeHTy;
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5) Bydep osputmamap (Mg®*, cakigaraH peaKIHOH MYXHUT, Oy MyXHT
dbepMeHTHU (HAOJTUTUHY YIIUIA0 TYPHIL YUyH Kepak).

SHa caBon TyFWJIagu: KaHAail KWjand, HOKOPHAA KeJaTHPpHO YTWIraH
KOMIIOHeHTJIap apajammMacuaan 4-5 coar opacugan Oumprumna JIHK
MOJIEKYJACHAAH TPWLIHOHIA0 Hycxa ouaum MyMkuH? Ilonmmepasa —
3aHXKUPJIM  peakuusi, Oup-Oupura yxmaraH Kymiad nukiviap (KadTtapuiuiap)
KYpUHHIINAIA YTaau. Xap Oup uukia 3 60cKU4aa yTaau.

.

2.4-pacm. I[P nune Oupunuu yukiuHuHe cxemacu

1-6ocknu. JIHK Hu nenatypanusicu (Kym OOFIM CHUpPATHHU, alOXHIa
TOJIMHYKJICOTUUTAp 3aMKUpHUra axpaiauimm). By skapaéu 93-95 °C mga 30-40
ceKyHa AaBoM 3Tamu. FOKopu xapopar TabCcupua a30TiIH acociap opacuaaru
Bojaopoa Oornapu y3unaau Ba JJHK 3amxupnapu axxpanau.

2—-0ockuu.  [Ipaiimepmapuu  Oornam  (ruOpuauzaius).  Xapopat
nacauTUpuiIagM Ba TpaiiMepiap VpraHujgaJuraH TeHJIap 4yerapacujarud y3ura
komruiementap OyVnran JIHK yudactkacu Ounan Oornanamunap. ['mObpuanzanms
BakTH — 20 nan 60 cexyHaraya.

3—6ockuu. JIHK 3amwxupunu cuntesu. JJHK — monmumepasza éEpnamuma
amanra omagd. by depMenT, 3aTpaBka cubaTHaa NpAMEPHH 3 -yuHHH
nnatagn. JJHK — moammepasa 10MMO 3amXHPHA 5 1aH 3-yura Kapa® Kypuo
oopanu. IHK HU SHTM 3aHXXUPUHHM CHHTE3M YyYyH Marepuan O0ynaul. spurmara
KYIIHIAAAral HyKJI€OTHIIap XuU3MaT Kuwiamwnap. by skapaén 70 -72 °C na
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Vyragu Ba 20-40 cexynn naBom staau. [P uu 1-uukaun-oxupmuaa, sputmana 2
Ta uKkku 3amxkupan JHK dparmentnapu Oynamu. Ynapnan xap Oupu, 1 Ta
pacaadku 3aH:kup Ba 1 Ta sAHrM xocua Oyaran, npaiiMep Ouinan OOFIaHTaH
3amkup Oymagn. UKKHHYM LMKIJA aMIUVIMQUKAUMAHH [OKOpUIA aKc
srrupwirad 3 OockuyHu Oapuacu  Kaittapumamu. JIHK 3aH)KUPUHU
neHatypauuscu amaira omaau. Keinn Typrra 3amkupHu Xap Oupu sHa
npaiiMepiap OuiaH y3apo MyHocadaTra KMpHUIIAIyd Ba HUXOAT KUIMPUIAIUTaH
reHra MOC KeJaJuraH UKKM TOMOHJAH 4YerapajaHrad (parMeHT naiao oynanu.
by dparmentnap — amrurkonnap ae6 aranrad. [P vy 2-nuxnuinau oxupuaa
2 Ta aMIUTMKOH Mai1o Oyiaau.

0L PERGE L L LELLET R

2.5-pacm. I1[P peaxkyuscunune uKKUHYU YUKTUHUHS CXeMACU

[P >xapaénu 3amxupan Xxapakrepu Omnan (hapk KWiaad: CUHTe3 OYiaran
aMIUTMKOHJIAp, KeHUHYANUK Y371apu MaTpula 6yiau0 xu3maT Kuinaguiap. Yiapaa
HYCXaJaHUII jkapa€Hu yTaau. MaHa NIyHUHT Y4yH XaM, Xap Oup sSHrY HUKIAa
JIHK HycxacuHHM COHHM, T€OMETPHK Iporpeccus Ounan omud 6opaau.
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2.6-pacm. I[P nune ymymuu cxemacu

=
/
| —

[llynuHr yuyyH Xam, arapja gactiaOku sputmazaa, oommuaa daxkar 1 Ta,
ukku 3axupiau JIHK monexynacu (Macanan, kanmaiiaup Bupychu [IHK cu)
oynran 6ynca, 30-40 nukingan keituH (0y, 4-5 coaT BakT srajuiaiijiu) spuTMaaa
KepakJid Japakaja Kyn Hycxa MIaKJlaHraH Oynamu. By sca, ynapHu ojauii
nabopaTopus MeTOAJIapu EplaMu/ia YpraHuill HMKOHUHU Oepasu.

Xosupru  maiitma, [P wmaxcyc mabGoparopusiiapaa — anoxuaa
JTAcTypJaHTaH TepMocTaTaa (aMmuduKaTopaa) YTKa3uiIaIu.

2.7-pacm. I[P ymxasuwea mynsxicaiianean 1abopamopus

bepwiran  pmactyp acocuaa, TEpMOCTaT, aBTOMAaTUK  pPaBHUILJA,
aMIuiiuKaIys MUKIJIApUHA COHUTA MOC X0Jija XapopaTHu y3raptupaau. JJHK
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ammuinukanusicu  €praMuia  OpUINMITaH  HaTwkaizap, Oy  MeToAra,
dbyHIaMeHTan xapakTtepra sra OyiraH WIMHNA TaJKUKOTIAp HIUIApUAA XaM,
amanuéraa ¢oinanaHuIga XxaM KYpUHApIH dKOWHU 3rajialll UMKOHUHHU Oep/u.
Xozupru maitaa IIHP  kymna® Bupycnn Ba OakTepuan KacaJTUKIApHU
TUArHOCTUKYMHIa KeHT wunuiatuind kenumamokaa. [lymwmnarmek, TILP
KpPUMUHAIUCTHKAAa (IIAXCHU AaHUWKJIAlAa), BETepUHapusaa (KacajuIMKJIapHU
JUArHOCTHKAacuaa), TeHeTHKaaa (reHnapHu  (aoJUIMTMHU  aHMKJIALLAA),
MOJIEKYJIsIp Ouojyorusifa (HyKJIEMH KHUCIOTalap HyCXaJapUHHU KYNalTUPHIL
YUyH) KEHI UIIATHING KETMHMOK/A.

OBomronus  kapaéHuaa OMOJOTMK Mosekynanap (Ouomosexynanap),
HIyHAal XycycusiTiapra sra Oynnunapku, Oy xycycustiap Tydailiau ynap,
HAaHOMETp pa3MepUaaru CTpyKTypanap sipaTull y4yH KyJaidi MaTepuasuiap 0ynuo
XU3Mat Kunaaurad oyinaunap. Huma cababnan mryngait 6ymmam?

bupunyugan, OuoMonekynamap  TE3KOpJAUK  OWiaH  Mypakkad
HAaIMOJIEKYJISIp CTPyKTypajap Xocui Kuiumra (y3-y3uaaH WUFWINILTA)
XyCYCHUSTHUTA drajap.

Nxxununaan, OyHaail OMOJOTHK CTPYKTypalapHU MaK/UTaHUIIHA  (¥3-
y3ugan MuFuauig) yTa Hapuciauk OwnaH Oomkapuil MyMKHH. by aca, y3u-
y3ugaH MUFWIMIOHU Xap XU Hyjutapra WYHaNTUpHUII WMKOHUHU Oepaau,
JEMaK. XHJIMa-XWJI HAHOKOHCTPYKLUSJIAPD Ba HaHOMAaTepuallap spaTUIl y4dyH
KEHT UMKOHUSTIIap 0unb Oepaju.

Xunma-xw1 OHOJIOTMK OMpUKMalap opacuaa, HYKJIEHH KucjIoTaitap
alloxuja YpuH TyTajauiap. Yiaap HaHOKaTTaJMKKa 3ra OyiraH MmaTepuasuiap
apaTua Kyjaa karta ycTyBopiaukka sranap. Kanraruna (y3ynmauru 50-100 Hwm)
ukku3amkupaun JIHK Mmonekynanapu, KamuHiaura Ooop-uyru 1-2 HM Oynumura
KapaMacJaH >KyJa IOKOpPM KaTTUKJIMKKa srajap. IIyHUHr y4yH Xam yHOaH
“kKytunuin Onokiapu” cudaruna gorgananum xyna Kynai. LlyHunr Ounan
Oupra, OMp 3aHXUPJIM HYKJIEHH KHCJIOTa 3TWIYBYAHJIMKHHU CakjaraH XoJja,
y3ura KOMIUIEMEHTap OYIraH 3aHKUPHU TaHUII HMMKOHUSATMIra 3ra. Mana
IIyHAA WKKH 3aHXKHp OCOHTMHA Oup-Oupura Bomopoa Oofnapu OuiaH
0ornanu6, nkkuzamxupian crpykrypanu (JAHK monexynacunm) Xxocui Kuiaaau.

JHK HM MKKM3aHXXUPJIM MOJIEKYJIAaCHHU €KU yIapHH (parMeHTIapuHU
y3yH KaTopra Oofyam Mmyammosn 6ynu6 yukau. bamkum, 6ycu3 JIHK acocuna
HAaHOKOHCTPYKLMSUIAD sSpaTHIl HUMKOHUATH Kuckapap. Kanmail Kuimb, HMKKu
samxupiau JIHK HM  moxnanumau €Kd yHIAH MabjiayM Oup »kouuman JJHK
dbparMeHTUHM YMKApUIIHKA  Wyara Kydum MyMkuH? Mana  1ryHpai
LIOXJIAHUIICH3 HAHOCTPYKTYPAJIAPHU YWIAMUYM XOJIATHHH XWJIMa-XWIIUTHMHU
Ta@bMUHJIAII Ky KaTTa MyaMMOo.

buonor-onumnap Oy MyaMMOHH 3KyAa OpPUTHHAN XaJl KWIMAII HYIWHU
Takaug Kunrannap. Ymaap (buonornap), AHK 3amxupunu 1okopu KypcaTtuirad
UMKOHUSTIAapUAaH (¢oiinananran xonjga (KOMIIEMEHTap a30TiIu acociap
opacusia BOJOpOA OOFIapu OpKajdu OOFJIAHUII XYCYCHUSITH), UKKH 3aHXHUPIIU
JIHK MonekynacuHu KUCKa OuWp 3amkupiau “mym” OwiaH “‘TabMUHJIAII HU
takmd xumumaun. Kevmawanuk Oywmait “mymuanap”, JIHK wmonexynacuau
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“nuikok yun” ned aramau. Arap, ukkmzamkupiau JHK Monexynacunu
oxupuia, Oup3amwxupiu “mymiuap”’ O0yinca, ynapra OollKa 3aHXupiap yjaml Ba
1y TapTUO1a MOXJIaHTaH KO IMIAKIUIAHTUPUIITHY Kypcatud Oepaunap. by oca,
IONKa TMaHXkapajgap Ba MypakkaO (a3oBUM CTpyKTypayiap sipaTHUIl WUMKOHUHU
Oepamu. HyxienH KuciotanapgaH Ty3WIraH MKKAJIaMud Ba  YyWIaMyd
CTpYKTypaJdapuHu. ¥3-Y3unaH WUAFWIMII  KapaéHu coamp  OymaauraH
SPUTYBUMHU Y3rapTUPHUII OPKAJIA €HI'HJT OOIIKAPUILl MyMKHH.

XO03Upru BaKIraua, HYKIEHH KHCJIOTajJap acoCula HAaHOKOHCTPYKUUsIIAP
SpATUIIIHA WKKA WYHAJIWIIM IIAK/UTaHTaH: “‘KajaM Ba Kajaam™ Ba ‘“‘OupaaHura
XaMMAaCHHU~ KOHCTPYKLIMS KUJIUII.

“Kamam Ba Kagam”’ KOHCTPYKLMS KWIHII — JacTJIa0KH JIHK
MOJIEKYJIACUHU €KM CUHTE3 KWJIMHTAaH MOJUNENTHAHN KETMa-KEeT MOAU(PUKALIUS
Kuinmra acocnanrad. by merox 1982 iwmnpa amepukanmuk omuMm H. Cuman
TOMOHHUJAH Hazapuil acocna® Oepwiran. KoHCTpykiusi eFuIIHU OWPUHYU
Kagamu, “€numkok’ yura sra Oynran JIHK ¢parmentunu onum. Mkkunum
kamam — JIHK #vu xap xun ¢parmenTiap opacuaa maimo OymaguraH BOIOPOL
Oornapu épaamuaa oup-oupura ENUIMITUPUO YUKUIIL.

JHK 3amxupuaa HyKI€OTHIUIapHUM MabiIyM KETMa-KETIIMTHHU TaHJIAII
OpKaJIM, MOJIEKYJIAHU “‘IIOXJIAHHUII HYKTacHMHM sipathil MyMKHUH. “IloxmaHran
nykrta” JHK Hu xpectcuMoH (a30BUil CTPYKTYpaCMHU MIAKJUTAHTUPHUIIT
UMKOHUMHU Oepamu. Mana 1y cyHpuil spatwiradn kpecrcumon JIHK
MoOJieKyJacura “€énumkoK ywiap® ~yham  MyMkaH. Kpecrcumon JIHK
MOJIEKyJIalapyuHu “€MUIIKOK’ y4 OpKaJiu OMpUH KETUH THKHUII HATHXXacuia,
Tekuc HaHopemérka xocus 6ymanu. “llloxmanum nykracu” JJHK monekynacura
siHa OUp AKONUO XyCYCHUSIT UHBOM IT/IH.
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2.8-pacm. Hanokoncmpykyusiapuu “xadam 6a Kaoam munuda KOHCMpPYKYust KU
cxemacu: a — JIHK monexynapu gppaemenmnapunu “énuwkox yurapu’ opxaiu oup-
oupnapuea boznaut; 8,c,d — kpecmea yxwaean JJHK cmpykmypacunu wakainanuwu; E —
kpecmcumon [{HK monexynacunu siccu uamobapaza 602naHuuiu.
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Texuc Hanopemérka Kadpuinaauran xosarra onu0 xengu. JIHK
MOJIEKYJIACUHU XapaKaTYaHJIUTH Ty(]ailsii, HAaHOPEIETKAHU KATTUKJIUTH, alHaH
II0XJIAHAIUTaH HyKTaaa nacasu.

Mana my xycycust Ttydainu, OyHaai HAHOPEIIECTKAIADHU  €HIUII
Kavpuitupuiml MymMkuH Oynmaau. 1991 immm H. Cuman JIHK monekymacunan
KoOMpranmu Ky0 xamjaa OKTadJpiiap IIaKIUWAard HaHOCTPYKTypaiap spaTHIlra
SPUILLIH.

2.9-pacm. H. Cumannune JJTHK acocuoa spamean nanocmpykmypaiapu.
(vanda —ky6 waxiuoazu CmpyKmypda, yHeoa— oKmasop wakiuodzu CmpyKkmypa).

“Enumkox” yuM TemajaH KypuHUO Typran Tekuc yuOypuak JIHK
CTPYKTypacuHU OOFIalll OpKaJld, y4JaMud KPUCTaJl HAHOCTPYKTypanap OJIUII
MYMKHH.

Kennmarm wwmwrapna, JHK acocmpa yunamuu  CTpyKTypajap  OJIMII
TEXHOJOTHSCHHM spaTuil Oyiuua wunuap Qaomnammbd kerran. lynnai
unuapaan oupu, skuaaa JAHK man gpatunran, Kytuua Oynu0, y Kepakiu
BaKT/a, ouminb — Enuini Xycycusitura sra. Kenaxkakna, OyHaail cTpykTypaiap
HAHOpAa3MepAaru 3JIEKTPOH KypuiaMmanap spaTUll Ba JOPUBOP MOAJAIAPHU
OpraHM3MHHM KEpakiy HyKTacura eTrkazu0 OepyBuUM cCUCTEMajap SpaTHUIL
Makcaauaa unulatwiaadrad Oynca axad smac. JIHK acocupa sipatunran
HAHOKOHCTPYKIMSJIapHUIaH aManuétrna Qoigananum Oyiinua Oa)kapuiras
JacTIa0Ku ypUHULUIAD KyTWIMarahjaa, yHM KUCKA MMKOHHMSTIApra osra
SKaHJIUTH OwiaH TYKHAI Keinaud. by uMkonustinapuu kenradtupui, JJHK
3amKupura €Kd HaHOCTPYKTypamapra OOIIKa MOJAallapHu aTomjapu EKu
MOJIEKYJIaJapUHA KUPUTHUILIHU Taad KUJIIH.
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Mabnym MopanamapHu MOJEKyJalapuHU TaHUO, yJIapHH pyhxarra
onaaurad OyHaal Mypakka® HAHOKOHCTPYKUMsUIApJaH OMOAATYMKIIApP SPATHUII
MyMKHH. 1996 iunga gactinabku HaTwkainapra spuiuirad. TaakukoTuuiap,
“KypyBun 050K’ cudartuga KOJJIOWJ XOJaTAard OJTUHHU HaHoOYIakyaiapra
Oofnmanran  cunHtetuk JIHK Hu Oup 3amkupiaum  gparMeHTIapUHU
MyBaphakuaTIM ~ UIIIATUINTA  JpUINranigap.  bywmaid  “Oioxnapman’
HAaHOKOHCTPYKIMSJIAp OJMHIaH. byHOail  HaHOCTpYK-Typajapia, OJITHH
3appavasiapu Oup-OupiiapuziaH MabiIyM Y30KJIMKAA >KoWjamraxiap. MacanaH,
JHK wu xym crniupamnum ainanmacu (3, 4 HM) HM ra TeHr Oynran macodana
OJITUHHM HaHOOYnakuyaigapunu Oupnanura oupueua J{HK ¢parmentnapu ounan
KYIIWITAHJa, OJITHH aTOMU TapTHOIM HaBOATMa-HABOAT >KOWUJIAINTAH ydJaM4u
HAaHOCTPYKTypaJiap sIpaTHIL MyMKHH.

JAHK paH Ty3wiIran HaHOCTPYKTYpaJapHM HYUra Hadaxkar OJTHH,
Oajku OomKAa MeTa/LuIap, MAacCajJaH, KyMyHl SKOMJIAIITHPUII MYMKHH.
Mertamnapuu Oynpmait xoinanumu, JJHK acocmmarm HaHOKOHCTpyKIUsIIapHU
ANEKTP YTKA3yBUAHJIMIMHU TabMHUHIaWIu. by xycycusar sca, JIHK acocuparm
HAHOCTpPYKTypaslapAaH OuojaTuMkiIapja Ba OOLIKA AJEKTPOHIM YyCKyHallapaa
dbolnananuin UMKOHUHU Oepaiu.
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JAHK pan TpyOkara yxmaraH CTPYKTypajgap — HaHOTpyOkaJap
IAK/UIAHTHPUII MYMKHH. SKuHrada ynap ¢Gakar IWIMHAP IIaKIdaa
sApaTWiIrad. YJIapHU KOOUFH, KEepakiu Aapaxana KarTuk Kym 3amxupian [JHK
MOJIEKYJIACUIAH TAIIKWJI TOITaH 3]IU.

YHuanuk fgapakaga KarTuk OyaMarad (OruiIyBYaH, 3JJIACTHK)
xoJjatraaru  Ha”HorpyOkanap oium Mymkuamu? Ilakam  Hadakar
OWIHHAPCUMOH, Oajkd 0OO0mKa MAK/IM HAHOTPyOKajap  oJMII
MYMKMHMH? — JeraH caBo/ulap OJUMJIAPHU KH3MKTHPHO KeJIraH 3/H.
Kanamanuk  (MoHpean) onumiap, 3JacTUK  HAHOTpyOKayiap  spaTuIl
MyaMMOCHHHM WKOOMM Xall Kuiawjaap. ByHUHT ydyH ynap, MKKH 3aHXKUAPIH
katTuk JIHK smac, Ganku Oup 3aHXupiu, KaTTUKJIUTA KaMmpok Oynran JITHK
Mosiekynacuan ¢oinananrannap. Illynunr Ownan Oup Karopaa, yJnap
yuOypyakiIu Ba KBapaT KECUMTa 3ra Oyaran HaHOTpyOKaap Xxam sipaTrasiap.

JAHK acocuaarm HaHOTPYOKaJap MOJIEKYyJa 3aHKMPHMHHM IIAKJIH Ba
MUKJIOPUHH Y3rapTUpMIl HMKOHMSATH, YJAPHM WIUIATHII 4YerapacuHu
KeHrammura ca6ad O0ynaam. MacanaH, HaHONPOBOJHM Y3aWTHPHUIINA, YHH
makJirnHu ~ Hazopar kwmm  MyMkuH.  JHK  acocuma  tamnépmanran
HaHOTpYyOKanap, TpaHcMeMOpaHalu OKCWJUIAPHHU aHAIW3 KWIHIIAA Ba JOPUBOP
MOJJaNapHy HaHOpa3Mepia TauryBuu cU(aTHAa UIUIATUIUIIA MYMKHH.

XapakaTiaHyBUYY Ba IIAKIWHU y3rapTupyBun HaHoKypuimanap JJHK nan
Xapakarcu3 (CTaTWK) HAHOCTPYKTypajap KOHCTPYKUHS KWJIMHTAaHOAH KEWuH,
OJIUMJIAP, XAapaKaTIaHyBUM HAHOKypUJIMajap spaTull ycTuAa Ooll KOoTupa
oommarannap. byHmait  crpykrypamapHu  Oupunum  Oynmb, ["apBapna
yHuepcuteTu (AKIL) onumnapu sipatraniap.

Xap 6up kypunma, JIHK uu y3yH, énuk Monekynacuaan taii€paanaau. by
Mosiekyna, Kuckapok JIHK monekymacu Ownman apanamranga, ynap OuiaH
Oornanaau. bornmanum myHgail amanra OIIaJWMKH, yHJIA KHCKA MOJIEKyJa
pacnopok cudaruia UIUIaTHIATH.

2.12-pacm. JTHK acocuoa y3-y3udan uuunadueas HaHOKypuimaniap. Yaiap y3 ypHuHu
V3eapmupuwiu, Kepak 0ya2anuod Y3uHu WakIuHu Xam y32apmupumiu MyMKUH.

Kucka wmonekynanapuu y3ywnuruau Yyiraptupu6, JHK ©Hu y3yH
MOJIEKYyJIaCUTra JacTypJlaHraH yuyjaM4u CTPYyKTypa Oepulll MYMKUH OYiaju.
JIHK Hu KHCKa MOJEKYJIACHUHH Y3YHIUTMHU Y3rapTUPUIL OpKajiu, OYyTyH
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HAaHOKYPWJIMAHU y4JaM4d KOHQUTYpaAIUsICUHHU Y3rapTUPHUII XaM MYMKHUH (YHHU
¢dazona xapakaTiaHummra Maxx0yp Kuin0). ByHnait HaHOKypuiIMalapHH MaHa
HIyHAal  y3ura  XOCHurd, yinapAaH HaHOTHOOuMETHA  QoiinanaHUIIHU
tabMuHIanan. bupunumman, [AHK, Tupux opranusmmap OuiaH OHOJOTHK
COBMECTIMK, UKKHHYMAaH, JIHK Te3 nmapyanaHu® KeTHIIM MyMKHH. DHI SXIIH
TOMOHU IIyKH, napuananui Hatmxacuna JJHK toxcuk €ku xaBduu moananap
XOCHI ~ KWIMAaiaW. Y3-y3umaH HUFMIAIMraH  HAHOKYPWIMAIapHH Oy
TEXHOJIOTHSACH,  BUPYCIAPHU  XYCYCHUATHHM  KaWTapaguran  (MMUTaLUsA
KWJIQJIUTaH), AOPUBOP MOJAAIAPHU TallyBYM CUCTEMAaJapHU Maijo Oynuiiura
onmu6 kenmumu MyMmkuH. JIHK MonekynacuHum xapakartyaniauru TyQailiy,
OyHIIail HaHOKypHJIMaiap, MEXaHUK €KW KUMEBHU YN OWslaH y3aTHIIaJUIaH
CUTHaJuIapra MyHocabar Owngupuil Xxycycusatura sranap. by aca, nopu
npenapaTiapiHi Kepakiu Xyskaiipara oau0 OOpuIl Ba YHM KEpakId BaKTaa
“komanHga Oyimua” Oymatum (TYKWII, 0304 KWIMII) XYCYCUsITWra Ora.
XapakaTaaHyBYM HAHOKYypWIMAJIAP, IIyHUHTAEK, y3aK XyXKaWpajJapHU TaIlWII
Ba JlacTypJlall Makcaauaa XxaM uiuiatuica oynaau. Kepakiu »xoiira eTkasuiral
y3aKk Xyxavpanap €paamMuia MMUKACTIAHTAH OpPraHjap KaWTa TUKIAHULIAPU
MYMKHH.

MouiekyJasip “AuHaAMO-MAIIMHA”’ (HAHOAKTYAaTOP). AHIIMIIMK oiauM K,
®epmen  ([loprcmyt  yHuBepcutetn) paxbapauruga, JHK — acocuma
XapakaTjaHyBYaH  HAHOKypwIMajgap  spatuml  Oyiinua  Taxpubanap
MyBahakugATIA TaBOM ITTUPraH. AMMO, yiap Macanara OyTyHiail Ooiikaya
€namraniap (FoKopuia KeaTUpuiaraijad oomkayapok). by énpammmnm y3ura
xocauru HuMaaa? Modekynsap “‘nuHaMo-MalmMHaiap”’ €KU HaHOAKTyaTopJap
spaTta TypuO, TaakukoTuuaap, Tapanr toprwirad JJHK monexkynacupan y3ura
Xoc Oynran MoHopenbcan iyn cudaruna ¢oiinananrannap (Iloesn iynunum 1
tacu). Ynap, IHK monekynacura, )xyna KHYMK MAarHUT MyHUYOKYaJaH MOopar
OyJraH MUHHATIOP XOJIATJAr MOTOP (JBUrATENb) KUPUTTaHIAp.

AMMO, 0JIUMJIAP OJAMIA STHTM MyaMMO MaHA Iy YHYAJINK MypPaKkkao
Oyamarad ‘“IUMHaMO-MAIIMHA’y4yH 3HEePrusi MAaHOAMHU TONMII MYaMMOCH
naiao Oyiaras. by wMmyammoHM ewymmga, OMp TOMOHJIAH MaHa IIy
HAaHOKOHCTPYKLMSIHU MHHHMATIOPJIUTH, UKKWUHYM TOMOHJAH 3Ca, XYKapaHUHT
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UCCUKINK MaHOau — AT® Hu yHUBepcaUIMTM Kyl KenraH. by UWKku
UMKOHUST,OJMMIIAPHH TaHJIOBH YUyH yTa KyJai 0YiIr0 YMKKaH.

“ImHaMo-MamIMHA THPUK Xy:Kaipanapuu AT® HuM >HeprusiciHu
uniatagd. AT® Hu KaliTa unuiamzga, dSJEKTP TOKU TEHeparus Oyiaau.
Mununsuratenan JIHK monekymacu Oyinad Xapakar KWJITaHHIA, DJICKTP
CUTHaJUIap Kenub uukaguiap. by curHamiap, KeWWH KOMIBIOTEp HIIJIOBHUTra
y3aTwiaad. TagKMKOTYWIAp HAHOAKTYaTOPHU JKOJOTMK MOHHMTOPHUHIAA,
XYyCyCaH, XaBOJaru TOKCHMHJIAPHU Ba MATOT€H MUKPOOPTaHU3MJIAPHU pyKxarra
OJIMIIZIA MILJIATUIIHK TaBcUs Kuiagwiap. by cucremanan QoiianaHUIIHUA
OOIIKa MCTUKOOJIIM COXacu — CYHBbHH KOHEYHOCTSIMH KOMIBIOTED OpPKaJIH
oomkapuii. AMMo, Oy KypuJIMaHH, KypcaTuiran Makcajara mociam yayH 20-30
WWJT BaKT Kepak Oyau.

“bapuacu OMpaaHura ”’ TMnuAa KOHCTPyKuusa Kuanu.Poccus ®@annap
AxanemusicuHuHr B.A.  DHrenmprapa HoMugaru MOJIEKYJslp  Omosorus
MHCTUTYTHHUHI onumiapu, JIHK acocuparn HaHOKOHCTpYKUIMsUIAp KapaéHUHU
TE3NMATHIIHU Makcal KwinO Kyhumrad. byHaa, myHYaamk gapaskajaa
KANALIAITHPHII KY31a TYTHITAHKH, OMp MapoTadaga TapTHOIH y4IaMin
CTPYKTYpPa  OJMII  pexaJaluTHUPWIrad. HaHOKOHCTPYKIMS — KWJIMII
MyaMMOCHHHM JKaJaJUIAIITUPHIL Y4YyH, yJap >Kyda OpPUTHHANl EHJAIIWIIHU
taknud xkunrannap. Yaap JHK Hu anoxuna mosnekynanapu OuiaH MIUTAIIIaH
Bo3 keunmm6, JHK HU CylOK KpuCTall JOHUCTIEPCUACUHM HWIUIATUILITA
KUpUIITaHjaap. byHaa, makiulaHaguraH CyrK KpucTaml “‘romuuinap’ (yJapHH
kattanmuru 0,5 mxm atpoduaa) taxmunaad, 10000 JIHK monexynacunu ¥3 nuura
onagunap. Tomumnap poupacuaa, Moisiekyhanap Oup-Oupiapuaan 3-5 HM
Y30KJIMKIA, Katop OViauO >kodnamamwiap. byHmai TapTHONM >KOWIAITUIIN
Oynakuanmapra KpucCTall XyCyCHUSITUHM Oepamu. bynma, xKyumiHu monexymnanap,
OyHJall KpucTajulapJa XapakaTdaH KaBaT XOCHJ KWIaaujap, sS’bHH CYHOKJIUKHH
XYCyCHATIApUHU cakinad Kojanuiap. by 3ca, olMHraH CTPyKTypa-CylOK
KPHUCTaJUI SKAHJIMTUHU KYypCcaTa/iu.

Mana myHgaii kpucramiap OwinaH wumad Typub, TaaKUKOTYMIAp
MyaMMOHHM €YMMHUHU TONMII YYyH KyJa MYXUM Xo0jarra y3 JUKKATIApUHU
Kaparauwiap. Cywk Kpuctama aucnepeuss xocwa kKuwiaranga JHK
MOJIeKYyJIaJapu 0oKa MoagaJjap OWJIaH KUMEBMHA OHPHKMAJIAP XOCHJI
KWIHII XYCYCHSITMHM HWyKoTMAacaurura »3bpTuHoop Oepauiap. Cyok
kpuctamapgaru  JIHK  Hu oy xycycustnapuaan JHK Hu yuiamun
CTPYKTypacuHU cTabumtami  y4yH Qoupamanawiap. JHK Hu  KyumHwm
MOJIEKYJIaNapy OpalufuJa CHUMMETPUK XOJIaTAa KOWJallaojlauraH Xamza
“HaHokympukiap”’  BazudacuHu ~ OaxkapaosiamMraH KUMEBHM  Mojaiap
TaHJIaHIH.

by monexynamnap OyTyH MoJjeKylara MyCTaXKamJuK (KaTTHKIUK) Oepu0d
typagwiap Ba JIHK HM KyIIHM MOJIEKYyJNAJIApUHU  XAPAKaTYaHJIUTHUHU
KucKaptupanuiap. “‘Hanokxympukuamap” wmycraxkam Oynub, CyB-Ty31IHU
APUTMAaJa NTapyasaHMan Inap.
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OHK monekynanapu

2.14-pacm. JTHK monexynanapu opacudazu HaHOKYNpuKyaiap

Oxopuaa kenTupuiaran HAHOCTPYKTypajap TE€HETUK MaTepuauiapHU
TalryBYwiIapu €xku Ouonoruk ¢aon mojmanap cudatuia HIUIATAIHILIIAPU
MyMkuH.  “HaHomocbuika» — Xykadlpara  Kenum0 — TylmraHujgaH — KeWuH,
KOHCTPYKLHUSIHM MycCTaxkamyad TypraH HaHOKymNpukuanap Oy3uwianuiap Ba
KOHCTPYKLHMSHU UYUAArd Mojjanap (MacajlaH, aHTUOMOTUKIIAp) 0304 O0ynuo, ¥3
(daonusaTuHM Kypcaraauiaap. bab3u oup oxcuiiap (MHCYJIMH. IENCUH) Ba OOIIKa
MOJJaap TabCUPHIa HAHOKYITPUKYAJIApHU Oy3WIIMIIMHYI OOIIKApUIIl MyMKHH.

Hyxneun kucinoramap acocuaa spaTWiraH y4wiIMYM HAHOCTPYKTypaJjap,
ONTUK  CEHCOpNM  KypuiaMmajap  sfpaTvil  OujaH  IIyFyJUIaHAJUraH
HAaHOKOHCTPYKTOpPJIapHU AUKKAaTuHU y3ura toprau. JJHK acocumparu yyiaamumn
CTPYKTYPAJapHM  CE€HCOP KYPWJIMAJAPHM  Ce3rMp  JJeMeHTJIapHHH
sipaTuia uuaTum MyMKuHMmu? Te3 opaga Oy caBosra mwxoOuii xaBoO
OJIMHAM. Y4JIaMud HAaHOCTPYKTypaJlapHU HAHOKYIPUKYAJIApUTa Y3Wra XOC
Oynran “muHU — ynuiarud’ Kuputwiad. by, “muHu — ynutarug” — KUMEBUM
Oupukma Oynub, y aHanu3 KWIMHAIAUTaH MOAJa OWIaH KOHTAaKTra KHpraHna,
Te3na mnapyasaHagu. HaHokympukda Oy3wiraHnaH KEWWH, aHOMaj OITHK
daomnMK macasaM Ba YHU KaTTAJUTHHM Yyio4anaHaau. by kypcaTtruuxu
KaTTaIMIU OYiin4a, HAaHOKYNPUKHU Oy3yBUM KUMEBUN (OMOJIOTHK) OMPUKMAaHU
KOHIICHTPALMSCUHU aHUKJIAll MyMKHH. Xo3upru Bakrtaa onumiap JIHK
acocuza (QU3MK-KUMEBHM XycycUSTJIapuHM OollKapca OyiaauraH ywiaMiH
HAHOCTPYKTypajlap spaTHUIll yCTHJa TaIKUKOTIap oiaud Oopmokiaanap. YiaapHu
NOJIMMED IUICHKAJIAap TapKUOWUTra KUPUTHIL OPKAIH, IOJIUMEpP MaTpuiaiap OJIAII
MyMKUH. byHpail mnommMep Marpuunanap, (OTOHUKaga, MapameTpiapu
OommKapuiyBUd ONTUK QUIbTpiap cudaruaa ¥3 YpHUHU TOMUILUIAPU MYMKHH.

2.3. JHK Ba okcu/uIap acoCHaa HAHOKOHCTPYKIHSIAP.
JHKxan aBTOHOM paBMIIIa XAapPaKAaTJIAHYBYM Ba TYXTallAMIaH
HAHOPOOOT sicamn MyMKuUHMH? By caBonra 6upunum 0ynu6 xaBooHun AKII
HuHr KomymOus ynuBepcuretu onumiuapu Oepran. Ymap, JHK Ba oxcunman
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XapakaTJIaHyBYaH, XapakaT MyHAIMIIVHU y3rapTUPaJAUIrad Ba TYXTaul OJIAAWUTaH
aBTOHOM MOJIEKYJISIp paboT sparuira spuiawiap. by unanama, “yprumyax’
(mayk) Hanopo6otu n1e0 HOM onrad. HaHopoOoTHM y3yHnuru 4 HM AaH ubopat
oynran (2.15-pacm).

2.15-pacm. [THK 8a oxcunoan maiépranean “ypeamuax” Hanopobomu.

By HaHOpOOOTHM aBTOHOM XapakaTJaHWII MYyaMMOCH KaHJal Kuiub
eurnran? Taakukotumnap, JJHK 3awxupuaaru noivHyKJI€OTHUIAPHUA BOJAOPOJ
OOoFnapu OpKaJM ¥Y3Jlapura KOMIUIEMEHTap OVirad 3aHKup OwiaH OOFIaHMII
xycycusatugan ¢oigananraniap. LIyHUHT ydyH XaM HaHOPOOOTHH IOpaJiUraH
oékuanapu JIHK nan koHcTpykuust KuiauHrad (2.16-pacm).

“VpranaK” HU JKacaau ‘‘cTtpenTaBuAwH’ Ae0 aranraH OKCHIIIaH
makmiaHrad.  “Ypramuak” Hu TYprTa OofrmmaH yuracu Oomka JIHK
MOJIEKYJTACHHUHT ~ KeTMa-KeTNuru OwinaH  OOfllaHAONAJAWraH Ba  YHHU
kecaonaguran JJHK MmonekynacuuaH Tysmwirad. “Ypramuak” HE TYpTTa OSFH
y3ura xoc SKOpb 0ynu0, y ymHu Oommmard Hykrara Oorianrad 6ynaau. Pobot
y3unu Oouvtanruy JIHK Hu maxcyc 3amxupu €paammuaa Xapakarra TyIIaau.
Acocwuit 3amxkupaan tamkapuaa xovnamrad JIHK ygactkacu Ounan 6ornanuo,
Ba YHJAH KEHHWH yHU KecuO, poOOT (Tpek) yn Oyiiad xapakarra TyIlaiu.
bynaait HaHOpoOOT/IapHU sipaTHJIraHUTa OUp Hewa Wu OyiaraHura KapamaciaH.
ylap Xxos3uprada OOp-iiyfm 3 KajaM Talularamiaap xomoc. “Ypramuak”
HaHopoOotu TaxmuHaH 100 HM #yn Gocub yra onamu (YpramMmyakHu Y3UHH
pasmepuaan 25 mapra, kynpok €ku yHu 50 kagamu). by macodanu y, 30-60
MHHYTIa Oocu6 YTamu. “YpramMuak HH XapakaTUHM OJNHMIAP ATOM-KydIM
MHUKpOcKon  €pmamuua  Kysarrammap. Iy  mwukpockommmap  épmamuna,
HAHOPOOOTJAPHU Xap XWJI TYPT HYHANUINra WYHAITUPHUII MYMKHUH SKaHJIUTH
Ky3aTHJITaH.

XO03Upru BakTAa OJUMIIAP HAHOPOOOTIAapHH (HAOTUATUHU OOLIKAPHIL
xamza Oup Heya “Ypramuak’ napHu Oupra unuiamra “ypraruur’ ycTuaa 0ol
KOTUPMOKAANAp.Y30K HCTHKOONAa OyHmaiW HaHOpPOOOTNIap DJHT  Maiaa
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KaWUBIPJIAPHU TO3ajJall Ba TUPUK OPraHU3M/A PAK XyKaWpajgapHU MyKOTHII
MaKCcaauaa HIUIATWIMIIY MyMKHH.

2.16-pacm. JIHK monexynarapuoan myzunean “Ypeamuax” HaHOpoOOMUHUHE 0EKYANADU.

JIHK acocuna cyHbuii HaHoMaTepuaiap. Tpadcruiantanus (Kydupuo

YTKa3WII) HU TE3KOPJIMK OWJIaH PUBOXKJIAHUO KETUIIHM, TOHOP OpPTraHjapHU Ba
OMONIOTHK TYKUMajapHU eTuimMaciaurura onud xenau. lllyHuHr yuyH Xawm,
XYCyCHSTIapH MakcuUMal Japakajga TaOuuiira sSiKMHJIAIraH MyKamMMmall CyHbUN
OMOJNIOTHK TYKUMJAp spaTUIl >XKyAa Aon3apd myammo Oynubd xonmu. by
MyaMMOHHU  €UMIIZa, THUPUK OpraHu3Miapra KyuyupuO  YTKa3WiIuIIra
MYJDKQJUIAHTaH ~ OPTaHJIApHU (MMIUIaHTJIApHU)  IOKOpHM  Jlapaxazja
MYyCTaXKaMJIMTUHU Ba STWIYBYAHJIUTMHM TabMHUHJAII acocui Basuda OYauod
KOJIIU. DJIACTUKIIMK (3TWITyBYAIMK), UMIUIAHTAHTra FOKOPHU AapakaJa MEXaHUK
TabCUp VTKA3WITaHJA TMaij0 OynaauraH mamoJuiall »Kapa€HIapuHU OJJANHU
onagu. Tupuk opraHu3M TYKUMajapura Xoc OyiraH MycTaxKaMJIMK OwIaH
STWIIYBYAHJIMKHU, CYHBHI MaTepuajuiapja Naigo KWIHII, YMYMaH MYMKHUH
OYJIMaraH MyamMMo XUCOOJIaHaIH.
J1. Criuakc paxOapnurnma Actpanusga Ba Kopesga daomuar onub 6opaérran
onumiap, 0y MyaMMOHM €YUMHUAAH OWp BapHUAHTUHU TOMHMILTA SPHUIIIUIAP.
VYnap, TpaHCIUIaHTAIUsl KWIMII MakKCaJu]a, MEXaHUK Xoccanapu, OHOJOTHK
TYKAMaJIapHU XOccajapura yXIIaraH SHCM MaTepuai spaTHIlra >pUILguiap.
SApatunran matepuan JJHK cnupannapu Guman yraepoanu HaHOTpyOKamapHU
MyCTaxKkaM KOMIIO3UT CUCTeMacuaaH uoopart.

Yrneponmu nHanotpynkanap JHK cnupamm Owman Oyrynmait “ypab”
YUKW Ba yJApHU KalblMd HOHM CakjaraH Maxyc CYIOKJIMKKa
xxounamtupwiaau. bynnai cyrokinuknaa, JIHK  cnupamnapu Ounan ypanran
YIAEpOJIM HAaHOTpyOKajap/iaH rejCMMOH Macca INak/UlaHaau. XOCHJl OYyiraH

TeJIHU XYAJU CUHTETHK Tojda TYKUTraH KuiauO TYkuil MymkuH. HanorpyOkanap
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Ba JIHK nan xocun 6ynran Tona KypuranjaH kKeinH, Kanuuiaura 50 HM OynraH
HAHOTOJIAJIApJaH TYKWITaH TapMOK Iakiura kupud Komanu. byHna, Xap Ooup
TOJIa, FOBAK, TYOKaCUMOH CTpyKTypara 3ra Oymaau.

AMMO, THOOMET aMaIHETH YYYH SHA/Ia MYCTaXKAaMPOK Ba KAJHHPOK
HAHOTOJAJap Kepak. by ToJaJapHM XapaKTepUCTMKACMHM KaHIaH
y3raprupumi mymkuH? by Basuda xam wmyBaddakusTiu CUMIIAN.
TaakuKoTUMIap  HAHOTONAIAPHM  KAIMHIWTMHUA  Ba  MYCTaXKaMJIMIMHH
OOIIKapUILIHYU YCYyIUHU Yiinal Tonaunap.

Arap, KypwiraH TOJIaHUM KaJlbLMH XJopuA sputMacura coau6d roswica, /JHK
MOJIEKYJIaJIJapUHU siHaAa “TUKuIMIIM coaup Oymanu. Hatmxkana HanoTosanap
KaJUHJIallaAd Ba Mycraxkamniamaayd. Mana my #Hyn OwiaH OJMHIaH
HAHOTOJIAJap Y3JIapUHUHI XyCycUsTiapu OyilMua, OKCWJI TabMaTiau Tojajapra
AKUH Ba ynap MyIlIaKk, apTepus, TepH, TOorall Kkabu oOpraHiapHH
MYCTaxKaMJIUTUHU Ba STWITYBYaAHJIUTUHU TabMUHIA0 Oepaau.

Mynunar yuyn xam JAHK Ba yrmepomnmmu HaHoTpyOKanmapjaaH TalépiiaHral
CyHBUM HAHOTOJIAJIAP KeNakakJa, Xap XWJI CYHbHM MMIUIAHTAHTJIAp SpaTUIIIA
UITUTATAJTUIINTA Xed 11y0xa HyK.

2.4. buouuniap Ba yjaapau JHK crpykrypacunu ypranummaga
HILIATHIM LN,

DyKapuoT OpraHu3miiap/la TEHJApHU COHM XKyJa XaMm Kyl. AYUTKH

3amOypyfiapua 6200 reH aHuKJIaHTaH Oyiica, oJaM OpraHu3MK/Ia YIaApHU COHU
20-25000 daon renra TeHr. AMMO, OpraHu3Mjaaru O60p reHjsapHu O0apyacuHH,
Oupnanura (Oup BakTAa) Y3uHW (HAOJUIMTMHU HAMOWMIN KujaaBepMaiau. bup
XWI TeHnap (QaonusT kypcarraHaa, Oomkacu OolUIaHaAM Ba TYIUK U
daomuaTuaaH yukMO Typaau. MyaiissH Oup BakTga, MabiyM OHp TeH EKH
OwpHeua TeHJIap KaHAall Xxomarma TypuOaw, ymap ¢daonmunap €Eku
OJOKIaHTaHMH? — IETaH CaBOJ JKyJa Ky TyFUJIAIH.
['ennapHu (QaoyUIMTHHU HA30paT KWJIKAII MyaMMOCHUHHU OuMpHHUYMIapAaH Oyiuo,
B.A. Ownrenprapn Homuparu Poccusa ®annap — akaJeMHSICUHU MOJIEKYJISIP
ouonorus UHCTUTYTH OJuMIapu euuumra wMyBoduk Oyaranmmap. Iy
uHCTUTYyTHa, akamemuk A.J[. Mup3abekoB paxOapmuruga ¢aoiusar KypcaTuo
Kenaérran OWp rypyx ojaumiiap, OMOYUILIap SIPAaTUII TEXHOJOTHUACUHM HIIIA0
YUKJIWIIAP.

buouyun — Oy pazMepu Oup Heua CaHTUMETpra TEHI OYyJraH maTpuia
OYynmu0, yHUHr EpaaMmuaa, OpraHu3MIard Kymiad TreHyiapHu GyHKIIMOHAT
daomurn XakKujaa MabJIyMOTJap OJHMII MyMKHH. buouun Ttanépnaérranna,
Maxcyc (mmma) momnoxkkara JHK MonexkymacuHu Hycxanapu cypTUiIaiu.
VYnap, €xkm anoxuza reH €W 3amkapiau nosnmmepasa peakuuscu (IILIP)
HaTmwkacuga onunran JIHK monekynmacu Oynumm MyMKuH. AHaiau3 YTKa3HII
yU4yH, TYKUMa HycXacu (MacajaH, KOH) OJITUHAAaH UIUIOB Oepunaau. by umuion
Oepumr  Kyiunarunua yTrasunaau: Hycxamarm JIHK MOJIEKYyJIAJIapHU
¢diyopecueHT Moadanap OujaH MaxCyc MHKpOKaMmepara >KOWIaIITUPHITaH
ouounnra cyptu0® umukmnagu (59-pacm). llynnan kelinH, OMouMnaaru reHiap
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owran npobana cakymanran ¢uyopecuennus kuwtyBun JIHK €ku PHK opacuma
ruOpuAn3aIus YTazuiaiu.

Jlnarsoctuk OHoUHMII

2.17-pacm. Buoyun époamuda ananuz Kumuus cxemacu.

Hycxanm  moJjiekyjacm  YMmarda  Termuuid TeH — OujaH
KOMIUIMMEHTAPJIMK NPUHIUIHK acoCHIAa Y3apo MyHOca0aTra KHPHIIAIM.
buouunra, wmabiiymMm TYJIKUH y3yHJIWrura odra OynraH Hyp Oepuirasja,
(yopecueHT épyFauk naiio 6ynagu. EpyFiukHu KypuHHUIIUTa Kapad, npuoop
— anamu3arop JJHK (PHK) naru xapakrepin keTma-KETIMKHA aHUKJIAWIN.

buounnnapnan QoiimanaHumn, 3HT aBBajo aTpod) MYXUTHU HETAaTUB
TabCUPHUTA CE3THp OYJIraH T€HJIAPHU aHWKJIANI Ba OPTaHUM3MHH (DYHKIMSICUHU
Ha30paT KWIUII YI9yH UCTHKOOJUTM XUCOOIaHaau. bruoyumniapay WiaTwIvIg,
OakTepus Ba BUPYyCIApHU TE3KOP aHUKJIAI MMKOHUHU Oepaju. buouun
épramuza, OAAMHU HMHAMBUIYyal T€HETUK Yy3Ura XOCIMIMHHM YPraHMI, YHH
UpCUl Ba OHKOJOTMK KacajUIMKJIapra MOWMIIJIMK JlapakaCMHU aHUKJIAII
WUMKOHUHA 6epaz[1/1.4

Ha3zopar caBosiapu:
1. Tupuk opranu3miiapHu UPCHUSIT, y3rapyBuaHiuk xycycustiaapu JIHK uu
KaHJall YHUKaJl XyCyCHsITIapura acociaHaau?
2. Hanotexnonorusiapau  gparypuwinap yuyH JHK ©Hu  kangai
XYyCYCUSATIApH KU3UKUII YHFOTaIu?
3. IHK nHm y3-y3upan uxkkwianum xapaé¢auna JHK — nonumepasa Ba
JIHK — mpaiima3za ¢epMeHTIapruHN PO HUMa?

*[Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing Pte. Ltd.»,
2009. 965-969 p.].
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4. V3-y3unan ukknnasaguran JJHK HUHT eTakdd Ba KOJIOK 3aHXKHPIAPH
HUMa OWiIaH papK KuIaauiap.

5. Huma ca6abnan JIHK pernmkanusicu sSipUMKOHCEPBAaTUB JE€raH HOM
oJyiran?

6. Hyknenn kucnoTtamapuHUHT THOPUAM3AIMICH METOJWHUHT acocuia
HuMa étaqu’?

7. JJabopatopus mapoutuaa, JJHK Hu amoxuma anoxuaa mOJMHYKICOTH]T
3aH)KUPUHU KaHall KWIHO OJIUII MyMKHUH?

8. HykneuH KucloTalmapuHUHT THOpUAM3alMsg METOAU  Kalicu Koiiaa
(Kaepaa) MIIUIATUIIMIINA MYMKUH ?

O.Tlonmumepa3za  3aHKUPJAM  PEAKUMSHUHT  OUPUHYM  UUKIMHUHT
OOCKUYJIapUHU TYIIYHTUPUO OEpUHT?

10. [TonmuMmepaza 3aHXHUpAM PEAKUUSHUHT OWUPUHYM  Ba HMKKUHYHU
UKJUTapU opacuiard (papkHu TyIIyHTUPUO OEpHHT.

doiigananniarad agaduériaap:
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:«ImperialCollegePress», 2007. 181 p.
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3-maB3y: 'EH UH)KEHEPUSICU YCYJIU ACOCUJATH
HAHOTEXHOJIOT'UAJIAP

/ Peorca: \

3.1. I'en  umoicenepuscu  HAHOOUOMEXHONOSUACUHUHE — OUp  UYHAIUWU
cugpamuoa.

3.2. bowika opeanusmea KUpumuwi Y4yH 2eH Oauul Memooaapu 6d 2eHiapHu
Xyorcaupaza Kupumuul mexHo102uscu.

3.3. Xyorcatipa naazmonemmanapuume my3uiuiu 8a QyHKYUsACU.

3.4. Buonocux membpananap HaAHOMeXHoIO2UA0A 64  YIAp — ACOCUOd

\ HAHOCMPYKMYPANAPHU KOHCMPYKYUSL KUTULL. /

Tassnu ubopanap: eiuxoxaiuc, epamnap, uHme2pal OKCULIAD, JTUNUOIU
oucnol (MUnuoIU UKKU Kasam), 1unocomd, Memopanaiu oKCuLiap, Memopanaiu
OpP2aHOUONAp, HAHOKOMNO3UM MAMepPUailap, HaHocomaiap — (Muyeiianap),
Hanompyoxanap

3.1. 'eH MHKeHePHUSACH HAHOOMOTEXHOJIOTUSICHHUHT OUP HYHAJIM N
cudaruna.

3amMoHaBUl OMOTEXHOJOTHUSHUHT — XOCCa Ba XyCYCHSATIIAPU OJaM DXTHUEK
Ba XOXHUIUIApUTa MOC KeNaJuraH OPraHW3MHHU SIHTH IIAKIWHUA SPATUIICHU3
TaBaBBYp 3TuII KuiinH. THPUK OpraHu3MHH OeJrHjIapu Ba XoccaJapUHU
KaHJAail KuJIud y3rapTtupuin Kepakku, 0y Oearwjap aBJjoiapaa Xam
cakiaHud KoucuH? ByHra ¢akaT opraHM3MHHM T€HOTONHMHU SBHU YHU HPCUM
MaTepUaINHU Y3rapTUPHIL OPKATIH, SPUILUIIT MyMKHH.

HUpcnii marepuannanm  (JAHK Hum) makcaara MyBOoQHMK paBHIIIA
y3rapTupuil Ba KOHCTPYKIUS KUJIMII — 0y TeHeTHK UHKeHepHusl (PAHMHUHT
Bazudacu. l'en wumxeHepuss wmertomiapu Owinan spatunaaurad JHK
MOJIEKyJIacH, peKOMOMHAHT MOJIEKyJa /1e0 aTtajiaiu.

Monekynsip OMOJOTUSHUHT, TE€HETHMK MAaTepUATHH MOJJIa AIMAaITuHYBH
MaxXCyJIOTJIApUHUHT OWOCHHTE3WHW TabMUHJAINITA KOAUp OYiraH, sHTH
KOMOMHAIUSIAP SApaTUIl OWJIaH ajloKaaop Oyiran OYiIMMU, T€HETUK WHKEHEPUsI
11e0 HOM OJITaH.

I'eH MH)KEHEPHSICUIa KMM Ba KAYOH acoc coraH? AMEpUKaIuK OJIUM
[L.bepr 1972 #iunna nabopatopusi mapoutuga OUpuHYM OVIrO, peKOMOMHAHT
JIHK spatran kyHaaH 601uiad, TeH HHXSHEPUsCUTa acoc CONMHTaH. Sparuiran
pekomOunant JHK, yu opranmmuau: “SV  40” Bupycw, “nambaa”
Oaktepuodaru Ba “‘nyak Taékuacu’ Oakrepusicunu JIHK dparmentnapuaan
Ty3wirad. byHnan onauHpok 2 yHuMKan TUn ¢epMmeHTiap oumnmaranuaa II.
bepr taxpubacunu yTKazub 6yiamac sau.

By depmentnap:

67



I)pectpukrazanap — JHK MosiekynacuHu aHMK y4yacTKa/laH KecaJauraH
dbepmenTIap;

2) Jlurazanap, xap xun JHK monekymacunu ¢parmentinapunu Oup —
Oupura ynaiauras pepMeHTIap.

Pectpukrazanap xyma xam MyBoQQakusaTivn HOM — “OHOJOTUK Kaiuu™’
JneraH HoMm onarad. by “kaiumnap” é€pmamupa redH uHxeHepiapu JIHK
MOJIEKYyJIaJapuHu  (pparMeHTiapra KecuO, Xap XWI  MaHUMYJSLIUsIAp
VTkazaauwnap. I'en uHkeHepusicn Oyiuda mMyBaQ@PakusATIN TakpuoOagap
yTKa3um y4yH 3apyp OV/JraH HMKKHHYM 1IApouT, Oy ‘‘BeKkTOopiaapaan’
douxamanumaup.

BekTopaap - Bupycaap ¢Exkud OakTepusUiap/laH OJIMHAIWraH KHCKa
xpoMocomanapaan Ttawmkapugarn JIHK  dparmentdn - niaasmupanap.
Pectpukraszanap Ba ysmrasanap €pmamuaa onumiap seropnapra JJHK Hu kepax
oynran ¢parmentuHu (red ) kuputauiaap. Bekropuu Basudacu — suru JJHK
Xy/Kafipara KUPUTMID Ba YHM XxyxaiimH - opranusm JIHK cura
KOMTATHPHILL.

'en wuHXeHEpHsICHM METOMJAPUHM MyKaMMaJUIAIITHPULI, KapUHIOLI
OynaMaraH OpraHu3MIIapHH IIy >KyMJIaJaH 3BOJIOLUMSHU Xap XWJI OOCKHuYuia
TypraH OpPraHM3MJIAPHU XaM TEHETHK WH(pOpMalMsIapuHu OUPIIAIITUPHIL
UMKOHUHU Oepanu. byHman Tamkapu, “mpoOupkana” (in vitro) peKOMOWHAHT
JIHK spatui >xapaéHuHU OOIIKApHUII XaM MyMKUH. AnbarTa OyHaal mapouTaa
TUPUK OPraHU3MHU TYCHO KYHMyBYM MEXaHU3MJIAPUHM YeTiad YTHUIIl WMKOHHU
naiijo OVmanu. ByryHru KyHJa TeH HWHXEHEPHUSICM METOMJIapu JOPUBOP
Mojjanap uunUiad — 4YMKapuinga  Xamjaa Ooluka Kartop kxapacHiapaa
MyBODPaKUATIN UILIATAO KEIMHMOKJA. YJIApHM acocuja, KeHI Maciitadjia
UHCYJTUH, HHTepPEpOK Ba HMHTEPIACHKUMH HIIad YuKapuwiMokga. [eH
WHKEHEPHSICU aCOCH/Ia TPAHCTEH YCUMIIMKIIAp OJIMII TEXHOJOTHUSCH SIPaTUJITaH.
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3.1-pacm. I'en unsrcenepuscu ycyau 6UNau Apamuieas MakKaiCyXopuHu sSiHeu Haeiapu
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Hlynunraex, Hadakar cepmaxcyn, Oajdkd  IOKOpUM  Japaxkaia
KacaJUIMKJIapra Ba MapasuTiapra 4Yujamid OyiaraH XaWBOH 30TJIapu  Xam
spatunrad.Macanan, benrusana Ba AKIL na kapromkanu Ba NOMUAJIOPUHHU SIHTH,
KOJIOpano KYHFU3Wra uugamnu Oynran, wuHcektuuumiapaun 40-60% ra
KHCKapTUpaIUTraH HaBJIapH SpaTUITaH.

I'en uHKkeHepus Oyiimuya TaxpudasapHu MyBagakusiTin YTKA3HII
YUYYH, JKCIIEPUMEHTATOpP KAaHIall KOHKpeT Badu(aJapHU XaJ KWIHIIH
Kepak?

['en-uH)eHepauK uiapHu Oakapuil ydyH 3 Bazudanu Oakapuin Tanad
KWINHAIU:

1) xyxaiipara kyuupuO YTKaszumra spaaurad, pexomOuHant JIHK
SPATHUILL;

2) pexombOunant JIHK Hu Xyxaiipara KupUTUII METOAJAPUHU HILIA0-
YUKW,

3) XykKailluH — OpraHu3M XyXalpacura KHUPUTWUJITAaH T€HJIAPHU HOpMaj
(baonusAT KypcaTUIIN HIAPOUT SPATHILL

['en Tuk umHxeHepus Oyiinya xap Oup uii, Oup Heya OOCKMYIa amanira
OLLIUPUIA/IN:

1) kepakiu reH Tabunii MaHOabIapAaH axpaTud ONWHAAN EKU KUMEBHIM
1y OunaH CUHTE3 KWIMHAIY;

2) BekTop (kepakiu reHHU Xyxkaipara tamu6 yryBun JJHK monexynacu)
TaHJIaHA]IH;

3) BekTOp Ba TamwMO yTaauraH reH siroHa CTpyKTypara OupJalTUpUiIagu
(JIHK HM pekoMOMHAHT MOJIEKYJIaCH);

4)BEeKTOp Ba TEH CAKJIOBYM OWpJAlraH CTPYKTypaHH, XYyKalluH -—
OpPTraHU3MHUHUHT XyKalpacura KUpUTUIA/IN.

AN

=
O

3.2-pacm. Pexombunanm (eubpuo) JHK nune spamunuwiu
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3.2.BOHIK3 OPpraHmM3Mra KHPpUTHUIN YYYH I'€H OJIMII METOJIap! Ba I'CHJIAAPHU
xymaiflpara KHPUTHUII TCXHOJIOTUACHU

Suru renetuk koHcrpykuusanap, JJHK monekymacura ssHru ren (noHop —
opraum3mMuHuHr JIHK cuum ¢parmentn) xuputuimn #Hynu OuiaH OJUHAIU.
Ilynpaii “TrpaHcmyiaHTanys’’ Y4yH FeHHM KAaHAai OJIMII MYMKHH?
Xosupraua 0y MacallaHd YUITHA 3 METOIU MabIyM:

1. Ten axparu6 ommm, terunum MPHK omumpan kypa KuliuHPOK
OyAraHnury  y4yH, TeCKapd TPAHCKPHUIIUS PeakuusicMIaH (oigaiaHuIl
MYMKHH. YHM MOXHUATH IIyHJAH uOOpaTku, peBepraza ¢epmentu, PHK
MoJIeKynajJapuHu MaTpuua Kuiau0 wunuatuo, JAHK HM cuHTe3 Kunanw.
PeBepraza €ppamupa aespin Xap KaHAall IE€HJIAPHU CUHTE3 KWIMII MYMKHH.
byHuHT yuyH MyaiisH redara Mmoc kenagurad M PHK axpartuiran Ba TaqKMKOTHH
uxtuépura Oepwiran OYiaumm kepak. XyIaud M1y YCyJJaa, OJaMHHUHT KY3H
XpyCTaJlM OKCWJIMHM CHUHTE3MHM KOJUIOBUM I'€H, IIYHMHIJEK TYXyM OKCHIIH,
urak ¢GuOpouHU Ba OOIIKA IeHJIApU OJIMHTaH.

2. T'eHHH CYHBMH, KUMEBHMH CHHTe3 HyJM OMJIaH OJMII MYMKHH.
Bynpait cunTesnn OupuHunm maprta 1969 imnga I'. Kopana Oomumnuruaa
WIMHIA KOJUIEKTUB amanra omuprad. Jlactna® cuHTe3 KWIMHraH reH Qaoi
YUKMaraujauru cabadmnu, Oy KOJUIEKTHB TaXpuOajapHU JaBOM STTHUPHUILITAH Ba
OMpo3 BaKT YTraHjaH KEeWMMH ¥3 Makcajjapura HpUIITaHiap — OUPUHYHU
¢dbynkiuonan ¢aon ren cuHTe3 Kuwirannap. by ren, nuak taékuyacunu T PHK cu
HU KoJiiaraH. XO03Upru BakTAa, Kymiad reHsap KUMEBUM CHHTE3 WYau OwiaH
OJIMHAAM. Ynap opacujia HHCYJIUH, COMAaTOTPOIMH, COMAacTaTMH Ba OOWIKa
TOPMOHJIAPHU CUHTE3UHM KOJIJIOBYM TeHap 0op.

3. Tabumii manOabaaH reH axkpatuil. by xyna mypakkad Bazuda,
YyHKM opraHusMaa (aonusat kypcatu0® kena€TraH Kyn MUHIVIA0 TreHiap
opacuaH, STOHACMHHM, MYyailsilH OCJTrMHM PUBOXKJIAHUILIMHU Ha30paT KWinO
TypraHMHM aXpaTHO OJIMII Kepak. BYHUHI y4yH aXXpaTWiuIIM Kepak OyiraH
reaau JIHK Monexkymacuma »xoimamrad >KOWMHUA aHUK OWIIMINI Kepak Ba yia
KOWJAH TErWIUIM CHEHU(PUKINKra 3ra OyiraH pecTpukraza (epMeHTH
épaamuia kecull kepak. Kepakiim reHHH KaicH KOiAa KOMIAIITAHIUTUHA
OMJMII YYYH miadmuaa muviatwiaagu. Iliuasmuaa, xap XuJ1 resjiapra Kupuo
0In0, yJapHM MYTAUMACHHH Yakupaau. MyrtanT Oearmwiapu Oyiimua,
KepPaKJ/JM reH KUPraH »KOMHU aHUKJIAHAAM Ba YHHU IUIA3MHMIAJAAH aKPaTHO
OJIMHA/IH.

V30K BakT naBomuaa, JJHK TapkuOugaru kepakiy reHHU aHUKJAll Ba YHU
kecuO osum KuiuH Baszuda Oynran. JIHK cnupammapu wankamras, ymapHH
y3YHJIUTH OWpHEYa MUUTMMETpAaH, OMpHeua caHTUMeTprada OYiamb, Xankara
Vpanub onaau Ba Y3UHM T'eHUHU “‘OekuTHINra” Xapakat Kuiaaau. Juamerpu 1-2
HAaHOMETpra TEHr OyiraH, HO3MK, T€3 CHHYBYM MOJEKyJanap, CIUpaIHU
TYFpwiiad oONMII Ba TapKaTUINra KapaTWiraH Xap KaHpaaid Taznbupiap,
YPHUHHMILLIAP TabCUPUJA T€3 CUHAAU. byHaail XonaTaa, Kepakiu FeHHU KUIUPULI
nynuaa OGaxapwiran umap mMyBoddakusatcus uukaBeprad. lllynmait xummoO,
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kepakiu rennu JIHK gan axxpatu® onum myammocH, 20 iuingad KYpoK BaKTaa
camapa Oepmaran. @akarruHa XX — acp oxupu Ba XXI — acp Oomutapura
kenuo6, Anonusuunr Kuoto ynusepcureru onuminapu, JJHK cnupanunu “ontux
oMOup” map €paamuia 4y3ull YCYJIWHHU sipatraniap. “Ontuk omOup” HHU
Oab3uaa “onTHK TYTKHY €KW “‘nmazepiu muHIET 1e0 Xxam artainaman. “OnTuk
ombup” — yTkup (pokycnaHraH Nazep HypiaapuaaH ubopar Oymmb, Oy Hypiap
MOJIEKYJIaHU ylIad KoJaau.

3.3-pacm. “Onmux omoup” nap époamuoa J{HK monexyracunune uysuu cxemacu

KynuHua TekmmpuiaguraH MoJIeKyJla OXHpura KUMEBUN Moajaiap
épaaMuia TUHUK JUDJICKTPUK “‘MyHUYOKUYAJIap~ KOTUpUiIaau. by “MyHuok4anap”
KaHAauaup CHUHHUIN KOA3(P(GUIIMEHTH, MyXUTra HuUcOaTaH OKOpU Oyiarad
nonuMepiapaan Tai€pnanagu. Hatwka Oepaguran Kyd MYHUYOKHH Jia3ep
HYPUHUHT UHTEHCHUBJIMTA MaKCUMaJl OYJIraH 30Hara s’ibHU yHU Mapkas3ura kKapao
TopTaau. AnoHus omumiapu, ‘“MyHYoK4a’ YpHura “Z” Xapdura yxiaraH
MUKpPOWJITaK Ba MUKpOOOUHANAP UIIJIATraHap.

Mukpowirak, COupaiHy OJIMMIIAPHU KH3UKTUPTaH y4aCTKACHHU YPraHUIIT
UMKOHUHHM Oepanu. Jlazepmap Epmamuma, onumiap OYIMHAIWTAH aYUTKU
3amOypyruHu xpomocomanm JIHK cuuu cnimpanmam ninmb onud, ymapra mmkacT
€TKa3MAaCIaH 4Yy3WIl Ba KEHWH WKKM MHMKPOMOKKHMYAra, XyAJd HII ypajlra
rantakka yxmab ypad omumra spunpgmiap. JHK mMonekymacu dy3unran
X0JIaT/a, KepaKkiv F'eHHH TypraH >KOMMHH y4jaamMud (pa3oa aHUKIAI aH4Ya OCOH.

Mukpowunirak, CiupaiHy OJIMMJIAPHU KU3UKTUPTraH YYaCTKACUHH YPraHUIIl
UMKOHUHM Oepaau. Jlazepnap &€paamuaa, onumiiap OYJIWHAIUTAH AYUTKH
3amOypyrunu xpomocomanu JIHK cunu cnupanuuu unub onuo, ynapra MMKacT
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€TKa3MAaCIaH 4Yy3WIl BAa KEHWH WKKM MHMKPOMOKKHMYAra, XyAJd HII ypaJraH
ranTakka yxmal Yypad omumra spunpmnap. JIHK monekynacu uy3unran
X0JIaT/1a, KepaKkiv FTeHHH TypraH >KOMMHY yujaamMud (pa3oa aHUKIAIl aH9a OCOH

I'ensiapHu Xykaiipara KHpMTHII TeXHOJIOTUsACU. AXXpaTHO OJIMHTaH

3.4-pacm. JIHK cnupanunu mukpouneax époamuda uiubd onuus 6a Ketiun
mopmuo6, MUKpobOuranapea (MUKpOMOKKU) YPaO ONUUHU CXeMAMUK KYPUHULLU

¢xu cunre3 KwinHrad JIHK ¢parmenTtu (reH) y3uman y3u, MycTakuil paBUIIa,
XYKaMH — OpraHu3M XyXKalpacura Kupa oJaManaud. TaIKuKOTYUIApHU
aHUKJAIIM4a, TeHHU KYy4upuO YTKa3uil Ba yHU (AOIMAT KYpCaTUIIM YYyH,
oomka opranuzmMuu JJHK cu acocupa spatunran Kymmmya HaHOCTPYKTYypa
3apyp OyJiap sKaH.

Cason tyrunanu: bomka JIHK gan KymmMya HAHOKOHCTPYKIMS KaHAal
Kuan6 sipatuiaaau? bomka opranusm JIHK cupan spatunaauran Kymmmdaa
HAHOKOHCTPYKIUSL “‘BEKTOp” JeraH HOM oJiad. BekTop Oolka opraHu3mra
KUPUTHUIITA MYJDKAJJIAHTAH TeH CaKJIalId Ba XY)KalWH OPraHU3M XYKalupacHuHU
JHK cura xupu0 ofuII XyCyCHSITUTAa 3ra. YHH KEMMHYAIMK TOMHUII KyJai
Oymuim y4dyH, Oab3ujga HUIMIOHNA0 Kyhunanu. BekropiapHu miuasmujanap Ba
supycnapau JIHK cu acocuna sipatunann.

OHT copJia TUIa3MHUIaIN BEKTOp KyHuaaru KOMIIOHEHTIapAaH noopar:

1 — x¥kaiinn — xyxkaiipa JJHK cura kupumm kepak 0yiran res;

2-nna3Mua  Ba  KYyuMpuO — YTKa3wiIaguraH TE€HHH  PEeIUTMKALMSICUHU
TabMHMHJIOBYH YYACTOK;

3 — reH KUPUTWITaH TUIA3MHUIAHU CAKJIOBYM XYy>KallpaHU aHUKJIall UMKOHUHU
OepyBUH MapKep;

4 — IInazmupa JIHK cu.
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Tupuk opranusm xykaipacuaa peKoMOMHaIUS XapaéHu (pakaT TOMOJIOTUK
(oup xwmn) JHK wonekynamapu opacuaa commp Oymamu. OpraHusmaan
TallKapujaa, pekoMOMHauusa KenuO-uukumm xap xun  Oymran  JIHK
MOJIEKyJIajapu opacuaa coaup OYiuimM MyMKUH. By, TeH  WH)XXeHepiuru
METOJMHUHI UMKOHHATIAPUHU aHYArnHa KEHrauTUPaaH.

OpranmsMIal TamIKapuaa pPeKOMOMHAIIMS aMajra OUIIHUIIH Y4YYyH
Humagap kepak? Xap oup JJHK monexynanapunu xap vukkaia yuuaa Kucka (4
tagaH 20 Taraya HyKJIECOTUIJIAp) OUP 3aHXXHUPJIM ydyacTKaigap — “‘€HUIIKOK
yunap”’ Oyiauuuiapu kepak. Yiap, Oup 3aHXHUpPIU ydacTKallap opacuja XOCHJI
oynamuran Bogopon Oornmap €paamuna, JIHK wu xap xun ¢parmeHTIapuHu
OOFJIaI UMKOHUHU OepaJiu.

HNkkuta Oupsamwxupiv “€numkok ywiap”  OunaH TabmuHiad, JIHK
MOJIEKyJIaJapuHU KaHaal Kuino, “YTkupnam” MyMkuH? By Basudanu Oaxapuinn
YUyH TaJIKHUKOTYMIAP “OMOJOTHK Kailiuu’’ JIapHU — PECTPUKTa3a (epMEHTIApUHU
numarawiap. [hrazmupga JIHK cuam Ba xuputunaguran rennu JIHK cuamn
pecTpukTasa OuinaH uIIioB Oepranaad keinH, Xap nkkaita JJHK xam “énmumkox’
yu (Oup 3amxupau yyacTkaiap) xocun kunaaunap. Keitnn, mnasmuaa JHK cu
Ba KApUTWIaauraH (OeroHa) reH apanammMacura jurasa (GepMeHTH KYyIIHIaIu.
By depment 6erona rennn mnazmuaa JJHK cura kuputub xysiau.

3.5-pacm. [lhazmuoa JITHK cunu (mapxep caxiazan) 6a KupumuiaoueaH eeH
JIHK cunu “énuwxox yunap” opxanu 602nanuuiu

BekTtop spaTwirannaH KeluH, yHU OOIIKa OpraHu3M Xyskalpacura
(x¥yxaiiuH - opranusmra) “‘erkasuin ~ kepak. Hadakar yHra (Xyxxaiipara) BEKTOp
KUPUTHIL, OaKU YHU (BEKTOPHHU) XYyKallMH — opranusm xyxaipacununar JJHK
MOJIEKYJIACUTA KOMJTAIITUPHUILL KEpPaK.
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Xykaiiud opranusm Xxy:kaipacura JHK xuputum ycynaum.berona
JIHK (ren) ©Hm Oakrepusira, XalBOH Ba YCUMIUKIAPHU HAMOpPHUOHAT
XyXxaipanapura, XalBOHJIApHU XyXallpaJapuHu spojapura, axpaTiuO OJMHTaH
XyKaupayapra, TYyKUMaJlapra Ba yCUMIIMK CIOpAJIApUTra KUPUTHUIL MYMKHH.
berona JIHK kanpaii Kwiud, XyKalMH — OpraHu3M Xyxkailpajapura
KUpuTHIAAN?

Omumnap 6erona /IHK (reH) kupuTuiiau Oup Heda yCyJulapyuHU UXTHPO
KWJITaHJap.

1. Mukpounbeknusa. J[namerpu 100 HM ra TeHr OYJAraH HO3UK IIHUIIA
TpyOKanapyanap (MUKpONUIETKaNap) Ba MHUKPOMaHUIYJSITOpiap €paamuia
BEKTOPHU TYFPUJIAH — TYFPU XyXKaupa sApocura KUPUTHUII MYMKHUH. bup
unbekiusa ounan 100 nan 300 MuHTTaYa BEKTOPJIAPHU KUPUTHUIIT MYMKHH.

i

3.6-pacm. /THK (6exmopnu) xysicaupa 10pocuea MUKPOUHbEKYULCU

2. Jlumocomanapra ypam. Jlunocomamap - cdepuk (IyMaliok)
MeMmOpaHanu nydakdaiap OYauO, ylapHU [IE€BOpU JIMMOHUIJIApJAH Ty3WJTaH.
Jluriocomann WuYM BEKTOpaap OujaH Tynaupwianu. Jlumocomamnap Xyskaipa
MeMOpaHaJIApUHUHT  JIMOWJ Oucioiiura Kupaad, Ba YHJA HPUHIHA, YHH
puanaruiap (BEKTOpIap) 5ca XykaipaHu [UTOIIa3MacKra Tymu6 onaauiap.’

3. Tpancdexuusi. BekropmapHu Kanpluil HOHJIapW OWIaH WIIUTAHATH.
Xocun OynraH WOHJApPHM HAHOKOMIUIEKCIApHM Ba BEKTOpJap, Xy’Kaihpa
MeMOpaHalapuaH axpanrn0 uukaguraH ¢parmMeHTIap Owiad Ypajmaawiap.
MewmOpananapra sxounamu6 (Ypanu0) olraH HAHOKOMIUIEKCIap (BEKTOpiap Ba
KQJIbLIUI VIOHJIAPH) MUKpoIydakuaiap KYPUHHUILNAIA Xy)KaupaHu

*[Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing Pte. Ltd.»,
2009. 46-75 p.].
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nuTomIazMacura ytub ojaaunap. by MeTonmaH BEKTOpJIApHU JYKapHOT
Xy’Kalipanapra KHPpUTHUII MaKcaauaa GoiiaaaHuIam.

4. JnexTponopaums. Xyxaipara I0KOpu Kywianuira sra 6ynran (200-
350 BonbT, JaBOMUIIUTH 54 MC) UMITyJIbCIap OMIIaH TabCUp ITraHjaa, Xykahpa
MeMOpaHalapuHU YTKa3yBUAHIUTH omaad. MeMmOpaHaga KuCKa MyIAaTiu
naiiio OynmaauraH MUKpPOTEIIMKYANIap OpKalu BEKTopiap aTpod MyXHUTIaH
(apuTMazaH) Xykalipa HIMTOIUIa3Macura Kupuo osaauiap.

5. Mukpobyaakyanap Owiaan OomO0apaumpoBka Kuaum. by
YCUMIIMKIIAap, T€H MHXXEHEPUSACUAA SHT camapaiiu MeToiapaad oupu. Kupurui
yUyH YpyFHU NUIIMO — eTWiIMaraH MypTakiaH (oianaHuiaaay. YapHU OJITUH
¢k Boibdpam (amamerpu 600 HM arpoduma) KyKyHIapu OwiaH
oombapaupoBka KuiauHaau. JlacTinad KyKyHJIapHHM YCTH BeKTOpiap OuiaH ypad
onuHaau. by kykyHuamap (Oynakuanap) OwiaH “reH mymika’ Japu YKIaHAIW.
[Tymkanap oTwirasgaH KeWWH, KyKyHUajap YCUMIIMK Xy)Kailpacura KupuoO
onmaau. OTHII Mapka3uaa KOWJalraH Xyxaipamap HoOOyn Oymamuiap ammo,
mapkazgad 0,6-6,0 cM y30Kzma >koinamraH Xyxadpajiap, BEKTOPJIAp KHPUTHII
yUyH JKyda Kynai Oymaau. OHr cojjna Ba OpHUTMHAN “‘TE€H MyMIKACHUHU
Poccusmuk omum P.K. CamaeB uxtupo Kwirad. Bekrtopnap €numTupuiraH
ONTUH Imapyanap, Te(JIOHAAH sCalraH IMyJiKara >KOMIAmTupu® OTUIIra
TanépIiaHau.

'oﬁ_"
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3.7-pacm. P.K. Canaes sipamean “een nywkacunune” yusmacu

OTuiraniad KeuH YK CTBOJAAH Y4MO UMKAOM Ba HACAaJKaHU TEHIUTUIA
yuutanu0 kKonaau. MHepius Kyyu TabCcupuia BEKTOpaap ENUILITUPUITaH OJITUH
nrapukyanap oTuwinbd uukubd Hacaakanu oxupuaan 10-15 cm y3okmukaa TypraH
YCUMIIMK XyKalipacura Kapa0 y4yaau. XykallpaHU Ba YHH SIIPOCHHHU TEIINO
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yTHO, ymap BekTopiapHu YcuMiuk Xyxaipamapu [IHK cu monexynacura
eTKa3ub Oepaam.

I'mOpun  marepuaniap  sipatumjaa, OakrtepuodarjapHu  reH
uH:keHepusicu.bakrepuodarnap (OGakrepusyapa MmapasuT XoJAa  SIIOBYU
BUpYCJap), HAHOKOHCTPYKTOpJIAD Ba HAHOTEXHOJIOTJIADHM JAUKKATUHU HWKKU
cabab OumaH y3ura TopTraHiap:

1 - yjmap, KeHr TapkKaaraH TaOMUMH  HAHOKOHCTPYKTOpJIAp
XHUcoOanaaunap;

2 — ynap, reH MHXEHEepUsCU MeTojulapuaad (poiganaHud, MaHUITYIISIIM
KUJIUIITA JKy/a Kynaimap.

bakrepuodarnapngan  sHru  yHukan — Tabuataa  ydypamMaiauraH
HaHOMaTepuauiap sApatumaa  QolpganaHum  MyMkuHMH? By  caBosira
oupunumnapgan 6ymu6 AKIHI \uwar Maccadyyct TEXHOJOTHS WHCTUTYTH
oluMJIapu kaBoO Oepulira KHpuIIrawiap. Ynap, OyHIail KOHCTPYKLHS scall
y4yH acoc Kwinb, 6akrepuodariapHu reH MHKEHEPJIUTH METOAMHH OJTraHyap.
Bynunr yuyn xap xun oxcmnapuu koanoBun JIHK monekynacu, 6akrepuodar
JHK cu tapkubura xuputuiaran (OakTepusiHU KaclJIAHTUPYBUM BUPYC). SHrU
JAHK o6akrepuodar JHK cuHuBHpYCHU CUPTKH OKCUJUIAPUHU CUHTE3U YyUYH
XKaBoO OepaZiraH ydackacura KHPUTHIITaH.

S ™
ﬂ{ﬂHﬁ’ f OHK

3.8-pacm. Xap xun oxcunnap koonosuu JJHK ¢ppaemenmaapu baxmepuogae JJHK cunu wy
OKCUTIAPHU CUHMe3 KULAOUSAH 64 YIAPHU Y3UHU CUPMULA HCOLAUMUPAOULAH YYACMKa2d
KUPUMUT2AH

['en mHXeHepusicu METOAM OWIaH ONMHTaH OakTepuodar KOJIOHUSTIAPH,
Maxcyc MyXHWTra KouWjamtupwirad. by mapoutna omummap, OakrepuodarHu
CUPTKH OKCWJUIapUHU CyOcTpatra EnummiuuHu Ky3arranmap. CyOcTtpaTHu
CUPTHHU IOBUO TalllaraHjgaH KeWuH, yHU cupTuiaa gakaTt cyOcTparra O0FI0BYH
OKCWJUIap cakjiarad Oakrepuodariap “€numrad ~ XoJAa KOJraHiap XoJoc.
Enunmm6 xonran GakrepuodarinapHu akpaTHO ONMHMO, yIapHM SHTH MyXHUTra
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YTKa3WwIraH Ba YJIApHU KOJIOHUSJIAPUHHM YCUIIMHM TabMHUHJIAILTA XapakaT
KHJITAHJIAp.

Mynnait  kummb, xap Xuid Moajagap Oumiaan (cydcrpatiap)

OOFJIaHAIUIaH Ba SIHTH MYPAKKa0 CTPYKTypajap XOoCWJI KWIAJAUTaH
OakTepuodarap sipaTWIraH.
XO03Upru BakTAa OJUMIAp, OJITHHIA, IUJIaTHHAra, KyMylra, pyX OKCHJIHTIa,
apceHuarajuiMiira Ba Ooika HOE0 MmeTauiapra aare3uB (EnuinyB4aH) OViras
Oaktepuodariapuu “OnOIMOTEKAa” CMHU SPATHIN YCTH/IAa UIIJTaMOKaaiap. Mana
HIyHJald OKCWIJIap Ba HOOPraHMK MOJJAANapHU THOpUIJIapu  acocujaa
HaHOMAIIMHAJIAP Ba HAHOAJIEKTPOHJIM KypujMamap spaTHUIl y4yH KU3UKAPIH
OYnraH sStHrM HaHOMAaTepHuaslap Ba HAHOKOHCTPYKIUSIAP KOHCTPYKIMS KU
MyMKUH OYymamgu. TaxpuOanmapau Oupuga, ogumiiap OakTepuodariapHu
UIICUMOH “‘©FWJIMIIMIINHN Ky3aTraHjiap. YJIapHA CHPTJIAPHAATH OKCHJLIAPH,
pyx cyabdua Ounan Oorsanud, y3yH amamerpu 20 HM OVJraH 3JieKTp
YTKa3yBYHM HAHOMILIAP XOCWJI KWJINIIU Ky3aTHIraH. OJUHTaH CTPYKTypaHU
350 °C raua km3ampuiranga, Gakrepuodariap unku6, (pakat HadHC METaTH
utap Kosradn xosnoc. lllynra yxmam #yn OunaH OpraHuK Ba HOOPTaHHK
MoajanapAaH OoIlIKa OpWUTHMHAJT HAHOCTPYKTypajlap spaTUIl  MYMKHH.
OnumnapHu nacTiaOKu TaAKUKOTIApHIa HIUIATUATaH Oaktepuodariap, Oop-
Wyru 6 XuJl OKCWJUTApJaH TalIKWJ TOMNraH, yJapAaH HKKUTACH HOOPTraHUK
Mo1anap Ousiad OoFfaHTaHiIap. X03UPry BaKT/Aa OJuMIIap yWIiaMud YTKa3yBUH
CTPYKTypajiap OJIMII MaKcaJaua, OKOpPUAArd TaxpuOadapHU OKCHUI TapKUOU
siHa/1a MypakkaOpok OViaran 6akrepusiap Owiad oaubd GopMoKaaiap.

I'en Tepanus Ba reH TapreruHr. Xo3upru Baktraya ogamuu 2000 man
KYIIPOK UPCHI KacayulMKiIapu aHuUKIaHrad. Pakar ynapHM KUYUK Oup
KUCMUHUTHHA aHbaHaBUH ycyiap €praMuia faBosiaca 6ynaau.

I'eH MHXKEHEePUSACHMHM MPCUI KAaCAUIMKJIAPHH [JAaBOJANIAA KaHAAl
UMKOHMATIApH Oop? I'eH wuHXeHepusicn MeToAJapunaH TUOOHETIA
doiinananuiHu acocnan Oyiinya unuiap, AyHEHUHT KYIU1ad Mamiakatiapuia
30-35 Wmmmap maBommaa oiauO OopuiaéTraHigurura KapamaciaH, Oy coxazia
SPUILIMITIIAH IOTYKJIap YHUYAIUK Japakaa KOHUKApIU sMac. JHI aBBallo, yIiOy
MYaMMOHUHT yTa KMAUHIUTY OunaH Ooriuk. PakaT OupTa renaa AeexT naiiao
OynuImMaaH Kenud YMKKAH KacaJUTMKIIAPHU aBOJAllA Ty3yKpPOK HaTHXKajiapra
spuIIWIIrad. byHaan xojaraa, Kacaja Xy:KaupaHu XPpOMOCOMACUTIa, AHUKPOFU
IIUKACTJIAHTAaH TeH TYPraH KOoMra HOpPMaJ IeHHH HYHAJTHPraH Xo0Jaa
KMpUTHII MYMKMH. Hopman ren xysxaiipara Kepakiau OYJraH OKCHILIapHH
cuHTe3uHu (pepmeHTaap €ku OollKa Mojdanap) TabMUHIA0 Oepa ojagu, 11y
OpKaJIM XyKapaHu (GYHKUUSICH >KOMUTa TymuO, OpraHu3M COFJIOMIIAILIA[IH.
Wpcuii kacalTuKIapHU JAaBOJAIIHU, MaHa 11y OPUTHHAJ HAHOOMOTEXHOJIOTHSITa
acoCJaHraH yCyidu — TeH Tepamusi 1e0 HOM ojraH. ['eH TepanusHu MaHa
HIyHJai Oup MapoTabanuk nporeaypacH, 0ap3uia UPCU KaCaJUIMKHU TYJIUFUYa
naBojamravya ojiu0 kenmaaw. Mpcwii KacaluTMKIIApHU KYMMYUIUTH, XPOMOCOMa
JHK cupa y3rapran (“mediopuaaH Tamkapu’) TreH KUpUO KOJITaHJIUTH OujaH
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oormuk. bynnail rennu aonuar kypcaTtuiinu, opraHu3mra (axar 3apap oaubd
KeJaau.

Opranusm yuyyH 3apyp OViaran reHHH (QYHKUUSICHHM KaHAai
TYXTATHII MYMKHMH? ByH[ail Xonatinap yd4yH oJIMMJIap TOMOHHM/IAH TaBOJIATHU
OpUTHHAJl yCyJlHd WIUIa0 YMKWIraH Ba Oy YCyNl FeHJIM TAPreTUHI EKU T'eH
“HokayT”’ ne6 HOM oisrad. By ycyna, myaiissH reHHH (QYHKUHSICMHH TYJIHK
0ocu6 Kyiumra (Yuumpud Kyiumiura) acocjaHradH. byHUHT ydyH, HopMmal
reHHU MypTaK XyXkailpana BakThJa ‘“CHHUK  HycXa OWiIaH aJMallTUPyBYH
HAHOOMOTEXHOJIOTHSI Kepak. ['eHHHM ‘“‘CHHMK’ Hycxacura, HYKJIeOTHjIapaaH
nbopar O6ynaran mMaxcyc (BCTaBKa) AMOK KupuTuiaaau. “CUHUK’ HycCXa, HOpMas
reiiad (pakat maHa 1y ssMoru OwinaH (apk Kwiaaum xojoc. SIMOK (Kymumua,
BCTAaBKa) CHHUK HyCXa CakjiaraH HUpCUd HMHPOpMALUSIHH YKUII pPaMKACHHU
Ccypu0 Kysau.

Iy cab6abam, Oy reH KOAJIaiuraH OKCWJI CHHTE3 OyIMainu (SHHU TeH
baommsIT KypcaTMann), 1eMaK KacayuThK a0 OyIManiu.

Xo3upru BakTAa TEH Tepamusi Ba TEH TapreTUHr &paaMuaa 1o31ad
KaCaJUTMKJIapra JaBo TOIMJITaH.

. 6
3.3.Xy:xaiipa mjiazMajeMMaJapHUHT TY3WIHIIU Ba (PYHKIHUSICH

Tupuk cucremManapHUHI HaAMOJEKYyJsip (cyOXyxkailpa) mgapaxanaru
CTPYKTypa Ba (pyHKLMOHAJI OUpPJUrH, OMOJIOTUK MeMOpaHajap,0praHouiap Ba
yJIapHU KUCMJIapH XucoOaaHaaumap.
buonoruk memOpananap, Xyxaipajga cakjiaHrad Oapua MoJja, OpraHou] Ba
CYIOKIMKIApHU,  arpod  MyXuTAaH  axpatud  Typaau,  XyXkailpaHu
OpraHOWJIAPUHY IMAKJUITAHTUpaad. YJap Mypakkad TapkuOra Ba TY3WJIUINTa
sra. buonoruk MemOpaHamapHu CTPYKTypa Ba (YHKIUSUIApH XaKUAard
MabJIyMOTIap, (akaT 3JIEKTPOH MUKPOCKOIHUS TaIKUKOTIAPU aCOCUAA OJMHTaH.
By tankukotnapuu C. 3unrep Ba I'. Hukonconnap 1972 itunaa, miazmaneMmaHu
(Xyxaifpa MeMmOpaHAaCMHU) CYIOK-MaH3apaJid MOJCINHN SpaTWil OuiaH,
HUXOSICUTA €TKa3auiap.

by wmopenra kypa, mnazmasieMma Huma? Iliasmanemma (Xyxaiipa
MeMOpaHacu) — Oy XyKalipaHM TalIKapuaaH uyerapanad TypyBUM CHUPTKU
CTPYKTYypa.

VY, XyxkalipaHu XyailpaJaH TalIKapuaard MyXUT OWJIaH aJOKAaCUHU
amaira owwupanu. IlnasmanemMmann kanmuuauru, 5 — 10 HM. Ilnazmarux
MeMOpaHanap acocaH 1:1 HucOaTAa oNMHraH OKCWIIap Ba JUIOUAJIApIAH
Ty3WIraH. Y, MKKHM KaBaT JIMIIMJ MOJIEKYJalapu €paaMuja makuianaau. Jinnmun
MoJieKynanapu: Tuapoduis (mossip) Oomrda Ba ruapodoO (Homomsip) AyMaaH
ubopar. Jlunugnapau ruapodold AyMu, JTUOUAINA OUCTOWHU (MKKA KaBaTHM)
uuura, ruapodunas Oomuanmap 3ca, - TallKapura Kapad koilamrasmiap.

CM. Niemeyer., C.A. Mirkin. Nanobiotechnology: Concepts, Applications and Perspectives. 2004 WILEY-
VCH Verlag GmbH & Co. CGaA, Wienheim. 327-332 p.
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[Ina3maneMMaHy JUNUJIApH Ba OKCHILIAPU, TEJICUMOH KOHCHUCTEHIIUSI XOCHI
KUJIaaumap.

MemOpana OKCH/JIADUMHUHI THILUIAapU. MewmOpaHana JOKanM3aIus
Oynaran okcwuiap, MeMmOpaHara crneuuuk Xxycycusit Oepaau Ba Xap Xui
ouonoruk BasudaHu Oaxapaau: YTKazyBuM, PEPMEHT, CTPYKTYpaJud MOJIEKyJa
Ba X.K. OKCHI MOJIEKyJIajapH, JIMIHAJTN OUCIoNa MaH3apaiy 0yimb TapKaaraH
Oynagwiap Ba yHUHI uuuja  (moupacujaa, yerapacuja)  Oemaiion
XapaxkaTiaHaauiap.

Okcunl  MoJekynalapu, KaHAal KWiauO, JUNUIIM —~ MeMOpaHaHU
OyTYHJIMTMHU CakJaraH XxoJjiga Owucioiaa yuutanu® xonamunap? Jlunumiu
oucioiga, OKCUI MOJIEKylallapH, JIMIUJl MOJIEKYJaJTapUHUA TOJIAP Ba HOMOJSP
KUCMJIapu  OujaH  Oymaguradn  tuapodo0  dJIeKTpOCTaTMK Ba  OOIIKa
MOJIEKYJIajapapo y3apo MmyHocabaTiap tydaitmm ynutanub typaawiap. [yausr
yU4yH XaM, OKCHIJIApHHU, JHUIUUIA OHUCIONAa SPKUH XapaKaTJIaHTaHJIapura
Kapamac/aH, Ma3MaJeMMaHUHT KOHCTPYKLUSCH eTapiii Japaxaaa MycTaxkam
Ooynamu. TagkukoTywiapHU Xalpatga KOJAUPAIUTraHd, OKCHJUIAPHU XWJIMa
xwmuruaup. MemOpana okcuutapu Hadakar Ty3WIHILIapu Ba QyHKUUSATIAPH,
Oanku KoUIamuIuIapy Oyinya XxaMm XujiMa-Xuaaupiap.

MeMOpaHanmu OKCHIUTAp, Y3IApUHU JIUMUATA OUCIOW/a JKOUIAIHIIIIaApH
Oyiinuya, WKkUra OYynuHanunap: nepudepuk (TallKW) Ba HMHTErpan (Muuaa
JKOMJIAIlTaH).

]
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3.9. [Inasmanemmanune my3uruuty cCXxemacu.

1 — 1unuod monexynanrapu; 2 — munuoau OUCiIou;

3 — unmezpan oxcun; 4 — apum uHmezpan OKCui,;
5 — nepucghepusoa sncotinawean oxcuniap;

6 — enukokanuc, 7 — cyo memopaunanu Kasam;
8 — akxmun caxnazan mukpoguiamenmiap;
9 — mukpompyokauanap, 10 — opanux puramenmnap;
11 — enuxonpomeunnap 6a eNUKOIUNUONAPHU YeLe800 KUCMU
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[lepudepusna xoinamrad OKCUILIAP, JUMUA MOJIEKyIaJapUHU MOJSPIN
Oomuanapu OWIaH 3JIEKTPOCTATUK ¥3apo TabCUpiap OpKalu OOFJIaHraHiap.
MemOpana Xxocua KWIUIIA AaCOCHM POJHM HHTErpan (MYKH) OKCHILIap
Oaxxapamtap. MaTerpan okcumutap Tynuk (OyTyHIaii) €ku KUCMaH OOTHpUITaH
Oynmuuuiapu  MyMKHH. MeMOpanara TYnuK ~ OOTHpWITaH  OKCHJUIAPHU
UHTETpAJUIaHTaH  OKCWJUIap, KHUCMaH  OOTHpWITaHJIapHU  3Ca,  SpUM
WHTErpajUlaHraH OKCWJUIap €0 IopuTwiaaud. bab3u okcwiiap, MeMOpaHaHU
TYnuK TemuO Yyragwiap (ynapHu TtemuO VYTyBUM EKM TpaHCMeMOpaHaau
OKcHJUIap Ae0 atanaiu).

3.10-pacm. [Thazmamuk (Xyxcatipa) memoOpanaiapuHuHe Memopanaiu OKCULIapu

Xyxailpa MemOpaHaJapyUHU YYYHUYU KOMIIOHEHTH — YTJIEBOJIapIup.
VYnap, acocaH oJurocaxapumjiap Ba MOJUCaXapUJIApJaH TAIIKWJ TOIaH.
Xy:kaiipa MeMmOpaHajnapuaa yrjeBoJJIapHU OHOJOTMK PoJd Huma?
[Tnazmatuk MeMOpaHallapHU YTIIEBOJUIapU, OKCUIUIap OuiaH OOFJIaHraH XoJija,
(rmukonpoTenHnap) €ku aunuasiap OunaH OofJlaHraH XoJija (TIUKOIUIUAJIAP)
Oynaau. VYnap Xyxailpa MeMOpaHACMHUHI CHUPTHIA, TJIMKOKAJIUKC Je0
aTallyBYd, HajJ MeMOpaHaJM KaBaT XOCWJI Kuiaawiap. [ JuKOKalluKc,
Xy)Kapanapapo ¥3apo MyHOcabaTJIapHU amaira OIIMpajd, XyXahpaHu
OMOJIOTHK XUMOS MEXaHU3MJIapuja WIITHPOK 3Taau, MeMOpaHaiap/a OKCHI
MOJICKYJIAJIApUHY CTAOWUTMTUHU TabMUHIIANIH.

Inazmanemmanudr pynkuusacu.llnasmaneMManuar QyHKIUSICH, YHUHT
XyKarhpa LUTOIUIa3MacH Ba XYyXaWpaJaH TalIKApUIard MYXHT 4Yerapacujaru
YKOWMJTAIITUIIT XOJIaTH OnjIaH OeNTrIanaIu:

- Bapsepnuk Baszudacu, uTOImNIa3Ma OwiaH XyXailpanu ypad Typras
MYXUTHH MEXaHUK &KpPaTUO TYpUIIIH;

- Tpancnoptnuk  Bazudacu, wmoaganap, Oynakdanap  (TaHJIOBYH,
OOILIKAapyBYM, MACCUB Ba aKTHB TPAHCIIOPT) HY TAIlUIl, XyXaipa OunaH atpod
MYXUT Opacuiaru OOFIMKINKHU TaAbMUHIANIN;

- bommkapyBunnuk Bazudacu, MyalsiH Xykaiipanu OollKa XysKaipaiapHu
Ba XyXailpanapapo MoAAajJapHU TaHUO ojuiM OunaH OenruiaHaau; OyJapHH
amMaira OIMINWA, TUIa3MaJeMMaHW CHUPTHAA OKOMIamraH  crheruduk
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penientopiap (CUTHAJUIM MOJIEKYJIaapra, MacajiaH FOPMOHJIAp Ba X.K), HIITUPOK
TaauIIap.

Tupuk Xy)xapanrapHu Maa3MaJeMMaIapUHU anoxXuaa GyHKITUSTIAPUHT Xap
TOMOHJIaMa Ba YyKyp YpraHUWIN y4yH, aHbaHaBUW TAJAKUKOT YCYJUIApU €Tapiu
oymanm.

[TnasmanemMmanapau QyHKOUSUTADUHA YYKyp VPTaHWIIHUA KaHAall amanra
ommpuin MyMkuH? IlencunbBanu (AKI) yHuBepcuTeTu ommiiapu Oy caBoJira
OupuHYIIapaaH OYynub »xaBoO Oepaosiuiap. yiapra JacTaBBal Kyja cojajaa

CYHBUH XyXaupa apaTauiiap.
3.11-pacm. Odamoazu (vanda) 8a momunecyeHm (Maprazoa 8a yHeoa) MuKpoCKOniap

G
———
époamuoa sHe co0oa cyHvull xyxcauparapru Kypunuwu. Hlxana yzyunueu, 10 mxm ea mene.

JiieMeHTap OMOJOrHK MeMmOpaHa Xxakuaa TymyH4a.llnasmanemma
(Xyxaifpa memOpaHacu) ra yxumiaraH CTpPYKTypajapHU XyKailpaia KeHT
TapKaJITaHIIUTH, yJIApHU TY3WIUIIMHU YHUBEPCAIUIUTH, ‘‘DJIEMEHTap OHOJOTHUK
MeMmOpaHa” TylnryHYacMHU (paHTa KUPUTHUILTA aCOC OYIIIH.

DneMeHTap OMOJIOTMK MeMOpaHara acoc OViau0, TUMUIJIAPHU UYKA MOJICKYIISP
KaBaTH (JUOUAHUN Oucioi) Ba yJnapHM Xap HMKKA TOMOHHU Xamja HWYuaa
KOMJIallraH OKCUJUIAp Xu3MaT Kuigwiap. XyXalpaHu CTPYKTypa KHCMH,
MeMOpaHainu Ba MeMmOpacu OVyiamaran opraHouaiapra (opraHesianapra)
oymunagu. Opranouanap ae0, XyKalipaHu MablyM TY3WIMIITa 3ra OyiraH Ba
cnenupuk QyHKuUsIHU Oa)xkapyBUH, TOMMHI KucMura aiitunaan. MemOpanamu
opraHouyiap TapkuoOuIa, OMOJOTUK MeMOpaHaap UIITHPOK ITATUIIAP.
Xyxkaiipa (ma3MaTtuk) MemOpaHanmapw, XyKalpa SapoCH, HHAOIIA3MATHK
TapMOK, IUIACTUHKACUMOH KoMIuieke (['onbmku anmapatu), MUTOXOHAPUSIIAP,
au3ocoMaliap, nepokcomanap, XJIOpOIUIacTiap, MUKPOBOPCUHKAJIap
MeMOpaHaJlid OpraHouAJIapra Kupajaumiap.
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MukpoBOpCHHKaNIAp

ITma3zmaTtuk

lNomxu anmapatu
MeMOpaHa

Hurockener

CuinmK SHIOTUIa3MaTHK TYP HenTtpronanap
JInzocomamap
Snpo xoburu Pubocomanap
Snpoua ! MuTtoxoHapus
Snpo
IMuTomnna3zma

I[OH&I[Op OHOOINIa3MAaTHUK
TYp

3.12-pacm. Tupuk xysrcaupanu memoOpanaiu 6a MemopaHacus opeaHouorapu
Membpancus opeanouonap, y3unu waxcuii ypab mypaouean memoOpaumacuea 32a
oyimazan opeanouonap 0y1uo, ynapea pubocomanap, MUuKpompyoxanap,
MUKpoghunamenmap (Yyumockenemiap) ea yXuazan opeaHouonap Kupaouap.

3.4.buosioruk MeMOpaHajgap HAHOTEXHOJIOTHs/Ia Ba yJjap acocuaa
HAHOCTPYKTYPAJAPHH KOHCTPYKIIHST KUJTHIIL.

DOnemMeHTap OWOJIOTMK MeMOpaHAJIApHU JIUMHJIN OWUCIOWIapUHU HOEO
xoccanapu, OMOTEXHOIOTHS, THOOMET Ba CAHOAT MILIA0-YUKAPUIIHUHT Xap XUJI
coxanapuaa (paonuar KypcaraéTraH OJUMIIAP Ba MHKEHEP-KOHCTPYKTOPIAPHU
JTUKKAT-YbTHOOPUHU Y3HUTra TOPTTaH.

Tupuk cucTeMajJapHd MaHa NIy HAHOCTPYKTYpPaJapuaaH CYHbHId
HAHOCTPYKTypasap sipatumaa doiaananca oyaaauMu? TaakukoTuumap,
oucnoigarn WAL MOJEKyJaJTapuHU OPHUEHTAIUSCUTa YBTUOOP KWIIUIAp.
VYnap, myHgail oKOWJIAIITaHIAPKH, YJIAPHUHT MOJICKYJIaJapUHU  HOTIOJSP
(rugpodo0) aymiapu, JWNHI KaBaTHH WYWTa, SIbHU OOIIKA KaBaTHH
JUMHUIJIApUHA  AyMiapura Kapad skoinmamrannap. Jlumun MomnexkynaiapuHu
noJisip (ruapodui) Gomryanapy 3ca TalKapura KapaiiraH.

Bucaoiinu (MKkn KaBaTHH) parMeHTIapH, CYBIa Y3JIapUHU KaHIai
Tyragwiaap? Onumiap, Ouciaod ¢parMEeHTIapUHU CyBra COJNUIINO, KUYUK
ayMasok mygakuaigap Xocui Oynranunu Kysatrannap. [lydakuanapau nesopu,
JUNUAJIApHU OWCIATUAAH TAIlIKWJ TONTaH OYnuO, ymapHU moysip Oonrdanapu
OWp TOMOHJIaH CYBJIM MYXHUT OWJIaH, MKKMHYMA TOMOHJIaH 3ca, My(haKIaH! WIKH
OyuunFn OMiaH yerapasaliras.

CyBIu MyXUT
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Boguam cpegps

Jlunug xatnamMu

JIumacoma

Munemina

3.13-pacm. Cyenu myxumoa, munuoau OUCI0UOaH TUNOCOMAHU WAKTIIAHUULU.
Jlesopu nunuonapoan - 4-my3unean 6ynoai 0ymanox nygaxianrap, iunocomaiap
(epexua-éznu dHcucm) 0edb HOMIAAHEAH.

Munennanap — ITunuuiapAad TalIKWI TONTaH Maiaa mapukdanap 6yiuo,
ynap  JMIOCOMAanaplaH, HWKKH  CTPYKTypalu  Y3UTra-XOCIMK  OuiaH
dapkraHaauIap:

1 — ynap nuku 6y1uTuKKa ara sMaciap (CyBIU UAUIIYACH HYK);
2 — TalIKK CYBJIM MYyXUTAaH, HAHOCOMAaap (MuIeuIanap) Oup KaBaTiu
JUIUIIA 1€BOP OMIIaH aXKpaTUIIraH.

JIunocomaniapHy IIAaKJUIAHUII [IAPOUTIIAPUHM Y3rapTHUpUO, OJIMMIIAp, YHU
nuura nopusop moxananap, JJHK Oynakdanapu Ba Oomika Mojajnaiap KUPUTHII
WYJUTApUHU TONTaHJIAP.

JIunmocomasiapHu Ba Im1azMajieMMAJAPHU J€BOPJIAPUHU CTPYKTYpPaBHUU
yXmamurura 3Tuoop 6epud, onumiap, yJaapHH y3apo TabCUPJIApUHU Maxcyc
Takpubanapaa ypraHumHu Y3mapura Basudpa kwinb Kyhaunap.Hatwxana,
aunocomanap, HadakaT XaWBOHJAp Y4YyH TOKCHK  XyCyCHsITra  dra
IMACIUKIApUHM, OanKku, ynap Xykaiipa MeMmOpaHamapu OWJaH KYIIWJIHII
XyCYCHUSTHUTA 3T SKaHJIUTMHU HAMOWMIL KUJITAHIIAP.

Jlumocomanman amanuéraa (QoigamaHWUIn yIyH KH3UKApIU IKapacH
KylHuaara TaaKuKoTiIapaa Kysatwirad: Jlumocomanum Xykaiipa mMeMOpaHacu
OunaH KYIMIWII SKapa€HuAa, JTUINOCOMAaHW WYMIArd MoJjanap, XyKalpaHu
HUTOIUIa3Macura YTraHiauru Kys3arwirad. Jlemak, JMIIOCOMa, HUIIOH-
Xy’KallpaHU Wuura JOpUBOP Mojjana €KM YHH WYWTra KOWIAIITUPWITaH F€HHU
eTKa3UIl XyCYCUSITUIa 3ra sKaH. Jlumocomanu Oy Xycycusatd, OyryHI'H KyHAa
TUOOMET Ba I'eH-UHKEHEPUACU aMalIUETUAAH YPUH OlraH. AMMO, OJIMMJIapHU
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JIUIIAJT MOJIEKYJIAJIApUHU, CYBIM MYXUTJa HAMOEH KWJIQJUraH XyCyCHUATIapura
KaitamMu3. MabiiyM [MapouTAa, JMIHUAJIAP, JUIIOCOMAIapAaH TallKapH, sHa
OoITKa THUIIArd JUMUAJIM HAHOCTPYKTypajgap — HaHocoMmanap (MuIlleiagap)
Xam srajap.

r

IMaKJUIAHTHPHUII XYCYyCUATHUT A

3.14-pacm. Jlunocoma (ynune oup Kucmu apum wap KypuHuUuUod, pacmHu
IOKOPU KUCMUOA AKC SMMUPULLAH) XYHcatpa Memopanacu ounan (nacmoaeu,
AMNOK, CMPYKMYPA) KYWUIUWL HCAPAEHUOA.

Onummap  y37apUHUHT  KEWMHTM  TAAKUKOTIApuaa,  JIMIHUAJIU
MeMmOpaHanap, Oolllka Xy)Kaiipa HaHOCTPYKTypajdapu — MUKpOTpyOKaapaaH
bapkiu yaapok, MycOaT 3apsiJIaHTaHIMTUHN aHUKIaaumiap. Mukporpyokanap —
nuamerpu 24-25 HM ra TeHr OyiaraH, MYKU OYyII MMWIMHIApIapaup. Yiap,
TJI00YIISIp OKCHIT — TYOYJIMH/IaH MIaKJJIaHTaH 0yau0, MmaHuil 3apsiaaHranmiap.

Jlunuau MmemOpaHaJjiap Ba MUKPOTPyOOUKaJiap, y3apo MmyHocadbarra
KHpPraHjapuaa, y3jiapuHu Kangaii tyraguiaap? by caBonra jxaBoO Oepuin
ydyH, OJUMJap, Katop TaxpubOamap YyTkasranmap. Taxpubamapman Oupuna,
MabJIyM IIapoWTIapa, Y3-Y3WIaH WWFWINAIL WYIu OWIaH, OKCHJI-JIATTHJIIN
HAaHOTpyOKajmap  MIAK/UIAHTAHJIWTH  aHUKJIAHraH. TyOynuH  OKCHJIMJAH
Tal€piaHraH MHUKpPOTpyOKaua, HaHOTpyOKaHW Yy3aruHu makiutantupaau (80-
pacMm) Ba y JuUNuaaud Ouciion OuiiaH KOILJIaHAIH. V'3 naBGaruaa 0y KOHCTPYKIIHS
CUPTHIAH TYOYyJNMH OKCWIMJAH IIAKJUIaHTaH Xajkajnap €Kd crnupauiap Ouiad
KOIUJIaHAIH.

HaHOOMOTEXHONIOTUSIHUHT  3HI  MyXUM  IOTYKJIapujaH Oupu —
0OIIKAPWIYBYAH, OKCHJI — JIMIUAJIM HAHOTPYOKAJAp SIpATHJIMINM OYJIIH.
MemOpaHalapui Ba MHUKPOTpPYOKaJdapHW JUIUIN OUCIOMMHU DJIEKTPUK
3apsAIUHY Y3rapTUpuO, HAHOKOHCTPYKTypanap, OuuK €k €MUK HaHOTpyOKajap
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gapatuira spumamiap. by sca, HaHoTpyOkara Mojna KUPUTHIN EKH YHAAH
MOJJaapHU YNKAPUO ONUIITHU OOIIKAPUIIT UMKOHUHU SIPATIH.

3.15-pacm. Jlunuo-oxcuniu HaHompyOKaIapHu cxemacu

X03Upru BakTAa, HAHOTPyOKajdapyu WYKK OYIUIMFUra JOPUBOP MOAJATIAP
€KM TeH KHUpUTUO, yJIapHU OpTraHM3MHHM Kepakiu KUcMura erkasub Oepa
ONlafiiraH  KOHCTPYKUMSJIAPUHU  SpaTUIIl  YCTUAA  TaAKUKOTIap  OJIKO
OopuIMoOKa.

Jlunocomanapra ¥yxmal, OomKapyBYaH OKCWI-JIMIUIJIA HaHOTpyOKaiap,
KepaKii MOJAJANapHMU TUIa3MaTHK MeMOpaHalap OpKaliM, TUPHK XyKalpaHu
aHMK OMp yyacTKacura eTka3ub OepHill IMKOHUHH SpaTajy.

Mapkasna — o4uK ywid HaHOTPYOKa; Yanaa-Jumnuid Kajarmokyanap Ounan
énuiarad HaHOTpyOKajap; YHIa-HAHOTPYOKaHU TOPU3OHTAT IMPOEKLUSCH Ba
YHUHT Hupukiamtupwirad ¢parmentd. HucOatan, okcuin Ba JMIUap
MUKIOPUHU Ha30paT KWIKII OPKAJIH, HAHOTPYOKaJapHU XOJATUHU Y3rapTHPHUII
MYMKHUH: €KM OYMK YWId, KM JHIUUIM KaldmokKyaiap OwiaH y4u EnuiraH
HAHOTPYOKANAp OJIMII MyMKHH.

buoJsornk MemOpaHaJap. buonoruk MeMOpaHalnapHu
HAHOKOHCTPYKLMSIap/ia MIUIATHIMIIUHE XUJIMa-XWIUIUTH Ba Oy coxazna oyud
Oopunagurad WIUIAPHU KEHrahn® KEeTHINW, TaAKUKOTUMIAp OJAUra SHCH Ba
sHaga Mmypakka0 Basudanap kyitau. lynnait Basudanapaan Oupu — OMOJTOTHK
MeMOpaHa/JIap HAHONEYATHM aMaJjira omMpumaa épaaM KypcaTHil
MYMKHHMH? — JeraH caBoJyira >kaBo0 Ttomuin Oynau. By caposira xaBo0
tonumra OupuHumiapaan 6ymu6, AKII Ba I'epMaHusHUHr — Xankapo
KOJUICKTMBH KHPUIIIWIAD Ba Yylap HAHOMEYaTHH EKU HAHOJUTOTpadpusHU
OpUTHHAJ METOANHHU SPATIAHIIAP.

’[Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing Pte. Ltd.»,
2009. 46-75 p.].
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Hanomeuatr wmetoamuma, Xyxkaiipa MemOpaHamapura KaHgal oKoi
aXpaTuiras?
JIunuaap, Xy Iu Xy’Karpa MeMOpaHaTapuHu TY3WIUIINIA
KaTHaIrauidapuaek, ‘“‘cuéx” Basudacunu Oaxapaaunap. Kpemuwiinan €Exu
IIMIIAJIAH SICAIraH MIACTUHKANIAapra CypTHILI YYyH TaAKUKOTUUIIAp, aTOM-KY4IH
MUKpOCKonaaH (oigananrannap. ByHHHT ydyH anoxXujga TaJKUKOT MIAPOUTH
TaHJIaHTraH. MyXUTHH HaMJIUTMHU Ba HAHOOOPAa3HU KypHUIU TE3JIUTMHU HA30pat
KUIIUO, TaJKUKOTYMIIAP, MabIyM KETMa-KETJIMKIra pyuosi KWIraH Xojaa, Oup Heua
KaBaT  JIMNWUIapHM  uyKTuprawnap. Jlunwamap, cyOcrpat — cuptuia
YYKTUPWITAHJIapUIa, JUIOUAIM Ouciaonnap Xocui Kuiarannap. Jlunuanapuau Oy
UKKM  KaBaTMJAard  MOJIEKYJalapapo y3apo TabCUPHU  KaWTaprasiap.
Jlununnapaan HaHooOpasnap, Xap Xuwi Marepuaiapaa (KpeMHUH, MOIUCTUPOI
Ba X.K) M€4aTh KWJIMHIaH.

3apypusar Oyiaranuia, HaHoNeuyaTh METOAM €pAamuia, KaTTa MHUKIOPIA,
XyXxaiipa MeMOpaHalapuHU OJIMII XaM MyMKUH. TaJIKUKOTYMIapHU HUKpIapura
Kypa, HaHONEYaTh METOAM, XyKaipa MeMmOpaHamapuHd KaHjaah GaoausT
KYpcaTaéTraHuIMHN TYIIYHUIIHA OCOHJAIITHUPHIN, XaTTO OyHJall TylUIyHYaHU
SAKUHJIAIITHPUII XaM MYMKMH. ByHHMHr acocujaa, IIyYHUHIZIEK, JOPHUBOP
MOJJANapHU TYFPUIA-TYFPU OpraHU3M XyKaipacura eTrka3u® OepHILHU SHTU
YCYJUIAPUHHU SPATUII XaM MYMKHH.

Ha3opar caBosuiap:

I. Tupuk cucTeMaHu HaAMOJEKYIsp (cyOxykailpanu) napaxana
TY3WIUIINHYU CTPYKTYpa-(PyHKIIMOHAT OUpJIUry OYIMO HUMa Xu3MaT Kuiaan?

2. IlnazmaneMmaHu KaHaall KUMEBUN MoJanap XOCU Kuiaau?

3. IlnazmaneMManapHu TY3WIUILIWHH Y3UTra XOCIUTH HUMaja?

4. MemOpaHanu OKCUIIAPHU TUIUTAPUHU alTHO OEpUHT.

5. IlnasmanemMmanu mnepudepuk Ba MHTErpall OKCUJUIApH, HUMa OujaH
dapknanagmiap?

6. Yraesojnap, miazmMaieMMaaa Kaujaan xoinamaauiap?

7. T'nukokanukc Huma?

8. Ilnmazmanemma Kanpaii pyHkiusiiapau 6axapanu?

9. IleHcunbBaHM YHUBEPCUTETH OJMMIIAPH, KaHIAaW MOJAallapAaH 3HT
coa CYHBUM XysKaiipa sicaauiap?

10. Onumiap, cyHbuil Xykaiipanapaa KaHjaan XoaucaJlapHu Ky3aTauiiap?

11. DnemenTap 6M0JIOTUK MeMOpaHa KaH1ail Ty3WIran?

12. Xyxaiipanapau MeMmOpaHaiu Ba MeMOpaHacu3 OpraHOMAJIApU HUMa
owan dapkianaguiap?

13. Kanmait Xyxaiipa opraHoumjiapu, MeMOpaHacu3 OpraHOWJIapra
Kupaguiap?

14. Xyxaitpanu MeMOpaHaIl OpraHOUIJIApHU KEATUPUHT?

®[Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.: «Pan Standford Publishing Pte. Ltd.»,
2009. 29-31 p.].
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15. Opranougmnapaan Kaicuiaapu, Gakart: a) YCUMIIMK XyKaiipanapuna; 0)
XalBOH XyXalpaiapuaa yupaiauip?

16. JlumocomManapu TY3WJIUIIMHA = y3Ura XOCIUTUHU TYIIUHTHPUO
o6epuHr?

17. Jlunua Monexynanapu, Oucioiiaa Kanaai sxoinamauiap?

18. JIlunmocoManapHu Kaiicu xoccajapu, yjlapJaH TUPUK Xyxkalipara
MoJ1aiap 00puIl MaKcaauaa QoiiagaHuIl UMKOHUHU Oepaau?

19. Okcun-munuaiiu HaHOTpyOKanap KaHjaai Ty3uiraniap?

20. Kannaii kuinb, ouuK Ba €MUK HAHOTpYOKayIap spaTUIll MyMKHH?

DoigaJJaHWITAH aga0uéTaap:
1. Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.:
«Pan Standford Publishing Pte. Ltd.», 2009. 363 p.
2. CM. Niemeyer., C.A. Mirkin. Nanobiotechnology: Concepts,
Applications and Perspectives. 2004 WILEY-VCH Verlag GmbH & Co. CGaA,
Wienheim. 458 p.
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IV. AMAJIMIA MAIIFYJOTJAPMATEPUAJIAPA

1-amanuii MalIFyJioT.
Hano0M0oTeXHO0JI0TrUsA-0MO0JOTUSAHUHT PUBOKJIAHUIIUHYA THIY 00CKUYH.

NMmpan Maxkcaa: DHOJOTMSHHUHI pHUBOXIIAHUII THU3UMULA THPHUK
CUCTEeMAJIApHUHT TY3WIUII OocKuwiapu Oyiinya acocuil KYHHUKMaJTapHU
Takpopnail. EpyriMK Ba 3JEKTPOH MHMKPOCKOINIAH HaHOOMOTEXHOJIOTHUAIA
doiinanaHuin KyHUKMaTapura sra Oyiuml.

MacananuHr  KyHwiaumu:  TuHDIIOBYM — amanui — MalnryJioTAa
KEeNTUPUITaH Basu(anmapHUOKAPUILIY, TaXJIWJI KWIMIIM Ba HaTHXKa OJIUIIN
JIO3UM.

Ny 6akapuil y4yH HAaMyHa:
1-Bazuda. “Tupuk cucreMallapHU TY3WIUIT OOCKUWIApW~ >KaJABaTUHU
TYJIIUPUHT.

Ty3nmim bockuynunr [y 6ockuyma
OockuuwIapu CTPYKTypa Xa€THUHT acOCUi
byHKIIMOHAT aTpuOyTiapu
Ooupnuru (KYpUHHUIIN)

2-Ba3uda. TacBupu kentupuirad OMONOTHK CTPYKTypa ( a - pacM) TUPHK
CUCTEeMaHM TY3WIMIIMHM Kaiicu naapaxacura (OOcCKMuura) TYFpuU Kenaau?
PacMuu nadrapuHrusra YM3MHT Ba YHU Tarura Y3WHTU3 OWJITaH3JIEMEHTIapHU
1-10 pakamutapu OusaH 6enruiad KeITHUPUHT.

3-Bazuda. Ctpykrypa (yHKIMOHANT OHpAUrd O-pacMia KeITHPWITaH,
TUPUK CHUCTEMAHUHT TY3WIMII OOCKMYMHHM TaBcupad OepuHr. YHHM KaHaail
KUMEBHUM OMpUKMaiap XOCUJ KUiaau?

4-Bazuda. B- pacmaa KenTUpPWIraH TacBUp THUPUK CHUCTEMasap
TY3WIUIINHYU Kalich OOCKUYMUTa TYFpU Kenaau?
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S-Ba3uga. Tupuk cucreManapHu TY3WIMIIMHU XyXahdpa Ba OpPraHU3M
OockuwiapuHu Takkociaanr? By Oockuuimap yuyyH XaéTHU Kalicu KYpUHUIIH
xapakrepnu? By Oockuwiapra THUPUK CHCTEMaHU CTPYKTypa — (DyHKUIHMOHAI
OOCKUYM UEPAPXUSICUHUHT aCOCUN JKOMIAPUHHU KUPUTUILI MyMKUHMU? XyKaipa
Ba OpraHu3M JapaalapuHU YXIIanuMK Ba  (apKid  TOMOHJIAPUHU
TYIIUHTUPUHT?

6-Bazuda. XaéTHM MOJIEKYJsAp Ba CyOXyxaWpaau JapakalapuHU
yXmwamiauKk Ba (apkau TOMOHJApUHU KypcaTuHr? Monekynsap JnapaxkaHu
acocuil Monekynaiapu Humanap? VYmap cyOXykalipanu —CTpyKTypajap
Tapkuoura kupa onaaumu? CyOxyxkailipa OOCKMYM HHMMa, y HUMa Y4yH
“pagmonexymnsap”’ ned xam atamaau? Kanpgaih MopmaiapHu MoJeKyJanapu
XyXalpaHu HaIMOJIEKYJISIp CTPYKTypajapu (HaAKOMIUIEKCIAap) XOCWI Kujlaau?
VYnapaan xadcuiapuHu OMOJOTMK MeMOpaHaiap TapKuOHWIa KYpHIl MyMKHH?
Kangaii Moanmanmap aromM-MOJEKyJsip KOMIUIEKCIAp TapKUOWra KUpPUILIApU
MYMKUH?

7-Baszuda. Kypum Epyrnuk aumanazonu 200-350 HM ra TeHr Oynranaa
EPYFJIMK MUKPOCKONMHUHI MaKCHUMaJl CE3TMpJIMK Japa)kachd HUMara TEHI?
VYapTpabunadura Hyprapuman doiganaHragga  EPyFINK  MUKPOCKOTTMHHU
Ha3apHil KYpHUIll UMKOHUSATIAPUHU XUc001a0 YUKUHT?

8—Basuda. Epyriuk MUKpOCKONM KY3HM KYpUII MIMKOHHUATHHU TaXMHHAH
1000 wmapra omwupaau. by wmukpockomHu ~“dodmanu”  KYMaUTUPUIIH
XMcOoOJaHaA Ba YHJAH OanaHApOK KynaTupum 3apypustd Oyiranna,
TAaCBUPHU KOHTYpJIAapH KyTapuiajd, amMmo Oy KymailTHPUIN TacBUp H4YMIA
JKOMJIAIIran MaiiIapoK JeTalapH KYPHII MMKOHMHHU OepMaiimu. Epyrmukau
KypuHaguran oOnactujgaH  (QoijanaHwirasaa, EpyriIuK  MHUKPOCKOIUIA
karrtanmuru 0,2 MKM JaH KMYuK Oyiran OynakyanapHU XaMm KYpHII UMKOHHU OOp.
Mana myHra kanpai spummin MyMmMkuH? Bynaa kanpmaii camapa (3¢ dekr)
uiaTunaau? Epyruk Mukpockonuau OyHiait THIM Kanjaii atananu?

9-Ba3zuda. A- pacmaa, X — OKCHJI KOMIUIEKCUHU TY3WJIUII MOJICNIA Ba YHU
aTOM-Ky4JIM MUKPOCKON €pAamuia OJMHTaH TacBUpHU KypcatwiraH (6-pacm), a-
pacMaa HuUMa KypcaTwiaran? A- pacMmaa KeITHPWITaH pakaMjIapHH HUMa
IKAHJIUTUHU €310 YMKUHT. X HU y4dyImyamiid MOJeNu EpPYyFIMK YTKa3yBUH Ba
CKaHUpP KWIyBYM 3JIEKTPOH MHUKPOCKOIAA OJIMHIaH MUKpodoTorpadus acocuaa
OJIMHTaH. ATOM-KYWIH MUKpOCKONMsl X HM TYy3WIMILU Ba (HaoUAT KypcaTHUILU
XaKuaa Kauaai mabiayMotTiaap Oepa onanu? X HM Xykaipaaaru posu Huma? X
HU (aos MUKAOPH XyKallpaHU TUPUK Xa€TU JaBOUMUAA TOUMUUMU?

10-Bazuda. Ycummmk XykalipanapuHn (IyopecueHT MHKPOCKOIIA
Kapairaiaa, XykaipaHu HWYMJArd TUM-KYK (oHIa EpPKUH KU3MJI HYyKTa
kypunagu. By crpykrypanmap numanap? VYiaprpabuHaduia Hypiapaa Kaicu
OpraHvK OupukManap Ku3uil panr Oepub kypunamu? Illynra yxmanauraxn
OupuKManapHd XaWBOH XyKalpalapuaa yuypalJuranjapura XaM MHCOJ
KEJITUPUHT?

11-Ba3uda. Kymmad nenrus ymypTKacuzinapu KUMEBUU >KkapaCHIIapHU
SHEePrUsICUHU HIUIaTUO, ynbTpabuHadumia Hypnapu EKu Ky3ra KypUHAJAUTaH
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EpYFIUK Tabcupuaa y3-y3uaan Epyrauk 6epaau. bynnai épyFiauKHUHT acocua
XWJIMa-Xuil opranuk Oupukmanap €raau. lllynpmait Oupuxmanapgan Oupu —
MabJIyM aBlIoAra MaHcyO Oynran Meny3anapAa ydpalauraH — sIIui
¢nyopecuentiu okcun (GFP). Epyriuk 1oTumn Ba 4YMKapuil YdyH, OKCHII
MOJICKYJJACHHUHT Maxcyc Oup KucmMu Oynran xpomodop xaBoO Oepasu.
VYapTpabunadura Hypmapuga Oy OKCHI, XaBOpaHT- SIIMJI paHr Oepamu. Arap
GFP renunu, kanmaiaup Oomika reHHU “‘mymura’ “Tuku®’ KyHuica, MaHa 11y
reHaaH aymuaa - “‘GpoHapua’ TyTraH OKCHJI CHMHTE3 OYyiaau, Ba MaHa Iy T€H
daomnamran OyTyH Xykailpa (SbHM MyaillsiH OKCUJIHUM CHUHTE3M MILra TYIITaH
oynca) smmn panr O6epud typamuran Oymamu. Illynmait kuimnO, KupuTHUITaH
TeHHUHT KaepJa Ba KaHJal WHTEHCUBIMKIA HWUUIAETTAHIUTUHA Ky3aTHUII
MYMKHUH OYymaau. Ammn panrin QiyopecieHT OKCHII, KYTuiad €nukK »xapaéuiap
Ba CTPYKTypaJapHH Ky3aTHII HMMKOHWUHH Oepamu. MacanaH, HeHpOHJIapHH
ycHIllM Ba yJlapHU allOKAJTapUHU XapakTepu, Xxamza jJaboparopus XalBOHJIapu
OpraHU3MHIA PaK XyKalpaJapuHU TapKATUIIUHU Ky3aTHII MYyMKHH OYJIIH.
2008 wunga Ocamy Cumomypa, Mapun Yandu Ba Pamxep lsabnap (smoHus
ouMIIapy) Sui (GIyopecleHT OKCHIIHM OUTaHJIMKIApH Ba YHIaH (oiiataHuIn
METOJMKACUHU HWIUIa0-yuKKaHmukiaapu ydyH HoOen Mykodarura cazoBop
oynnumnap.

Anabuér MabiaymMoTiapuiaH —(QoiganaHud, KyWuaard MaB3yJlapHU
OvpuaH KUCKaya MablyMOT Tal€piaHr.

1) “Ammn bayopecueHT OKCHIT: OUMIIUII TapUXHU~

2) “GFP- yxmiaran okcwuiap: OMOJIOTHsA/Ia UIIJIATAIUII UMKOHUATIApH

3) “GFP na xaliBoH oopranusmiiapuja (QuyopecieHT HHUIIOH cudaruaa
doiialaHUIIIHU YyCTYBOP TOMOHU Ba KAMYMIIUKIIApU

12 - Basu¢a. IOkopuna KenTUpuiIraH MabaymMOTIap ACOCHUIA, XO3HPIU
3aMOHJIa HAHOOWOTEXHOJIOTHSIHM  PUBOXKJIAHTUPHUIN  OOCKHYIApH  XaKuaa
V3UHTU3HN OaxOoWHTH3HU wnuiad dukuHT. CU3HWHT HYKTaW Ha3apUHTHU3IaH
HAaHOOMOTEXHOJOTUSHUHT Basudanapu pyhuxatuHu &E3u0 YHUKUHT Ba Y3
(UKPUHTU3HU XUMOS KHJIHT.

13 - Basuda. HanoOymakuanmap spaTHII TEXHOJOTHSICHIA MOJJANapra
UILIOB OCPUIITHUHT UKKHU, OUp-Oupuaan Tyoaan papk Kuiaaurad NpuHIUILIApU
oop: bupunuucu “nactaan temnara” SbHHU KaTTAPOK OOBEKTHH “NIAacT Karopaaru”
aJIeMEHTNIapAaH (aToMjapliaH, MOJeKyJiajnapaaH, OWOJOTHK XyKaipalapHu
CTPYKTypa (pparMeHTIIapuiaH Ba X.K.) MUFUI; WKKUHUYUCH — “‘TenajaH mactra’
SbHU, MEXaHUK €Kku OomKa Typjard TacBupyap €paamuja (GU3UK KUHCHU
HAaHOMETpra TeHr OyiraH yiuyaMmraya KUUMkiIamtapuil. CU3HUHT GUKPUHTU3YA,
MaHa Iy MPUHLIMIUVIADHU Kalcu OupuHM TabWaT TUPUK XyXalpamapaa
HAHOCTPYKTypajap MIAKJUIAHTUPAETTaHaa acocud (yCTyBOp) HOPUHLMIU
cupatuna kabyn xwirad? Huma yuyn Cu3 Tannaran Expomui (aoausT
KypcaT® KeaéTraH THPUK CHCTEMallapAa acOCHUW JKaHJIUTHH TYIIYHTUPHUO
Ooepunr. Huma ydyn Ttabuat ¢akar OupruHa EHAOMMUIN OWIIAH YerapajiaHuo
Koamarad? Xap WKKajna EHIOMMUINHU XyXKahpaHu Xa€T QaoausaTuaaru
HAHOCTPYKTypaJap  IIAKUIAMNTHPHUIT  OWIaH OOFIWMK  OYnraH  pONHHH
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TymryHTUpuO OepuHr. Xap Oup EHAOMMIIHU XyXaipa (aoqusiTHAArd POJIU Ba
ypHura OynraH MyHOCaOaTUHTU3HU OWJITUPHHT.

Ha3sopar caBosuiapu:

1.Huma yuyyH THpPUK CHUCTEMaHU MOJIEKYJsIp OOCKUYM (JapakacH)
HAHOCTPYKTypaJiap OWJIaH MaHUITYJISIUS. KWIIMIIAA ACOCUNA XUcoOIaHaau?

2. CyOxyxahipa Ba  Xyxkaiipa  Oockuwiapu KaHaal  KWiuo,
HAaHOMEXaHU3MJIap SIpaTUll Ba ylapAaH ¢oinanaHuuaa Mojaenb 0Yiaud xu3mar
Krtaau?

3. Tupuk cucCTeMaHH TYKHMa, OpraH  Ba OpPraHu3M Japa)kaJapuHu
(Oockuunapunn) TaBcudad 6epuHr?

4. Typ xocun Oy xapaéHu Kaiicu 60cKu41a amaira omaau?

5. TUpUK CHCTEeMaHH TOIYJALHUOH, Typ Ba OHOIEHOTHK JapakajJapuHu
(OOCKUYHMHM) TYIIUHTHPUO OeprHT?

6. XyxalipaHi YpraHuIIHM YHH HYKM TY3WIHMIIA Ba CUPTHHH TaJKUK
KUJUIIHY KaHaail metoanapu 6op?

7. EpyFiuk Ba 5I€KTPOH MUKPOCKOIIAPHHU KYPHII MMKOHUSTIAPU KaHail?

8. Epyrinyk MUKpOCKONMHHM 3aMOHABUiT MapKalapUHH TYIIMHTUPUO GepuHr?

9. Tupuk XykaipaHu ypraHull y4yH KaHAal METOJ UIUIaTUIaau?

10. KBaHT HyKTaslapuHu opraHuk Quyopoxpomiapra HucOaTtaH
YCTYBOPJIUTH HUMAaZa?

TaBcusi 3THIIaANTaH a1a0uéTIAp:

1. Ehud Gazit. Plenty of room for biology at the bottom: an introduction to
Bionanotechnology. London:«ImperialCollegePress», 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. laBpanos., b. Anukynos. Hanoouorexunomnorus. Tomkent, 2015. 312 6
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2-amMaJni MALIFYJIOT:
JHK MoJ1eKy/JJaCHHUHT CTPYKTYPacH Ba X0CCAJIapH acocuaa
HAHOOMOTEXHOJIOTHSLIAP.

Nmpan  makcax: JIHK  MonexkymacMHMHT  HaHOOMOTEXHOJOTHK
Taxpubanapaa Kyutam — Oyidndya acocMi  KYHUKMajJapHH  TaKpopJarll.
HanoctpykrypanapHu KOHCTPYKIIUS KHJIMII KYHUKMaIapura sra Oy JIuiiL.

MacaJjiaHuHT KYHMJIMIm: TuHrmosun aMaJIuin MAaIIFyJIOTAA
KEJNTUPWIraH BaszudanapHu Oakapullu, TaxXJWj KWIMIIM Ba HATHXKA OJUIIM
JIO3UM.

NinHun 6a:kapuin y4yyH HaMyHa:

1- Bazuda. Kentupunran cxemanu narapuHrusra Yu3ud YUKUHT:

1) Kytinpgarn pacMm Tarura cxemaaa akC TTUPWITAH Xapa€HHU HOMHWHU
€310 YHMKUHT;

2) Pacm cxemamarm Cwusra TaHuWIl OYiaraH CTpPYKTypaidapHu Oenruiad
YUKUHT (KUMEBUI OMpUKMaap).

:
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Pacmoa axc smmupunean srcapaénea mupux opeanHusmMiapHu KaHoat )yHoameHman
Xoccanapu acocnanaou?

2-azuda. Kyiinna kenrupunrad JIHK pernukanusicu (aytopeninukanys)
OOCKUWIApUHHU aMajra OmMpuIl TapTubura Moc papuiaa €3u6 ynkuur: PHK —
3aTtpaBkanu cuHre3n; JIHK MosekymacuHm TapkanviuM Ba YHH HMKKH
NOJMHYKJICOTHT 3aHxkupra axpamuiy; Okas3aku (parMeHTIApUHU SITOHA
NIOJIMHYKJICOTH/] 3aHKUPra TUKWINIIN;
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3-Bazuda. [lactna kenTupwirad pacMmaa KaHaail UKKU Kapa€H CXeMaTUK
paBumiga u3oxjaHran? Xap Oup kapaéHHU OOCKUWIApHHM E3U0 YMKUHT. Xap
UKKH jkapaHHU OOCKUYIapUHU OMp-OMpu OMiIaH TaKKociad YMKUHT. Xap Oup
xKapa€HHU OXUpPru OOCKWYHMAAa XOCWI OYynaguraH MoOJEKyJajgap opacuiaru
npuHnunuan ¢apkau Eputud OepuHr. PacMHM yam TOMOHUAA KEATHUPUITaH
cxema acocujia X X-acp/ia MOJICKYJIIp OMOJIOTHsIIa KaHIail SHTAINK SpaTUiran?

TR 3

v 1Y RETHIRTHITT IR 1
= I s, -

4-pazuda. Mxku Ouonoruk xomucanu takkociaur: JIHK wu ¥3-y3uman
UKKWIAHUIIM Ba TUOpuAM3aluscud. Xap UKKajJla Xoauca acocuaa ETraH
xkapaCHmapHu aHanmu3 KuwinO uukwHr. by skapaénmapma JIHK wmomekynacu
KaHaai xomartna Oymamm? VYTKasunraH KWSCHl aHAIM3 HATHXKATapHIaH
¢oiinananu0, Kyiuaa KeNTUPWITaH kaBajaHu TYyaaupuHr? Cu3 TakKocIaraH Ba
aHaJln3 KWITaH UKKK OMOJIOTMK XOAUCAHUHT YXIIAIINK Japa)Xxacura Y3uHTU3HU
0axOMHTU3HU OCPUHT.

Kanpam: JHK Hu y3-y3uAaH MKKWIAHUIIKA Ba TUOPHAM3ALMACH
opacuaard yxXmanuidak Ba ¢gapk.

JIHK xonaTtu Ba JIHK xonaTtu Ba
JKapa€HIIapHU xapaHiapHu Gapku («-
VXIanuiry («+» Owian | » OujaH OelIrvIaHaan)
OcaruIaHaIn)
JIHK Hm mactinaOku
X0JIaTH.

Xoauca TyraraHjian
kernH JJHK Hu xXomaru:

a) OMpUHYM X0JIaT

0) UKKUHYH X0JIaT

bupunHum xapacu
(y3rapwumr)

WNkxuHuM )xapaéH
(y3rapum)

93




S5-Bazudga. HaHocTpykTypamapHu KOHCTPYKIUS KWJIUII OOCKUYIApWUHU
HOMMHH, YJIapHU aMajra OLUIUPUININKA TapTuOu acocuaa Kynuod umkunr: JJHK
HU KpecTCUMOH (a3oBuil cTpykTypacunu makianumuy; JIHK dparmentinapunu
“€NUIIKOK yWIapuHU~ KJIEHIad YMKHUII, HAaHOMAaHXKapa KyOCUMOH CTpyKTypara
Kavipwumy; “€numkok yunn” JHK ¢parmentnapunn onumr; kpectcumon JTHK
TEKHUC HAaHOTaHXapara TUKUO YMKUII KeTMa-KETIIUTH.

6-Bazuda. Mukpodororpadusina JJHK acocuna Taniépnanran nupamuia
KYPUHUIIWArd HAHOKOHCTPYKUUSIHU TacBupu kentupuirad. Y JIHK wu 4ta
anoxuaa pparmeHTiIapuaaH Tamkuil tonrad. by dparmenTiap pacmaa xap xui
panriap OunaH OenrwiaHradH. Xa€n KWIMHT, MaHa My KoHCTpykuus Cus
V3UHIU3 Tau€pilaraH Ba KYHIVIMHITHU3JAard KOHCTpyKuus. Mana 1wy
KOHCTPYKLUMSHU Tau€pialiga Y3WHTM3 Tau€piarad WIUIAPHU KETMa-KETIIMK
Oounan EputoO GepuHT.

7-Bazuda. Pacmpa/I[HK wmonekynacu acocujia HaHOKOHCTPYKIIUSIIAP
spaTuil Oockuuwiapuaan oupu akc srrupwirat. [y O0CKUYHE MOXUSATH XaKuaa
Y3uHTU3HU GUKpUHTU3HU OepuHr. Cu3HMHTYa Oy OOCKHUra KaHAail HOM TYFpu
kemamu? Jlactnabku  cTpykTypanm (pacmaa dYamjga) —IIaKUIaHTAPYBYH
monekynanu ([AHK ¢parmentnapunn) y3ura xocmurun numaga? JHK wu
HIyHAAl MOJIeKyJIaJapuHy KaHaal Kuiaub oiuim MyMKuH? Pacmaa keatupuiran
UKKWJIaM4d (TEKHMC) HAHOCTPYKTypa acoCHlla ywiaM4d HaHOCTPYKTypa
KOHCTPYKIUSI KMJIMII OOCKUYUTa YTUII PeKaTapyuHU €310 YMKHUHT.
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8-Baszuda. Mkku xapakariaHyBYM HaHOKYpUJIMAaHH TaKKOCIa0 YUKHHT:
JHK nan Taii€pmanran Hanokypwima (I'apBapn yHMBEpCUTETH OJMMIIApU
sparran) Ba “Ypramuak” HanOpo6oTH (KONyMOWsS YHHBEpPCUTETH ONMMIIApHU
sapatrad). by Kypwimanap ylapHM XOCWJI KWITaH MOJJAIAPHU KUMEBUU
TapkuOu Omnan ¢dapk Kuiaaumu? YinapHu ropaiaurad Oyrunmapu (“o€xyapu’)
opacuja yxmanuk 6opmu? by KypuiManapau te3nuk cudaruau Cus KaHmai
Oaxonaiicus (Oup-O6upura TaKKOCJIaHT)? Xap oup KypUJIMaH!
XapakaTIaHUIIMHA MOJEKYJSIp MeXaHM3MJIapu XaKuJard MabIyMOTIapJaH
dborinananub, V3 ¢GUKpUHTU3HM  acocnad OepuHr. MKkW HaHOKYpUIMaHH
aHAJIM3WHU TaKKocial, ynapjaaH (QoilaJaHUIIHU SHIU COXAJTIApUHU KYypcaTuo
Oepunr. Mana 1y ¢ukpaapaaH Kenud YMKKaH XOJAa, Xap KaHjaai
HAHOKYPWJIMAHU MYyKaMMaJUIAIITUPUII XaKUJa Y3MHTM3HU TAaBCUSIAPUHTU3HU
OepuHT.
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9-eazudpa. JIHK acocuma  sApaTtwiraH  HaHOKOHCTPYKLMSUIAPHH
Myxumiurura 6axo 6epuHr. HaHOKOHCTpYKUUSATIApHA MYyXUMIIMTHTa Kapao, ¥3
bukpuHru3 acocuaa >xonnamtupud yukuHr. Cus Taliépnarad pyuxaTHu TYFpU
9KaHJIUTMHU acociaad OepuHT.

11-Bazu¢a. Kylinga KenTUpUIraH CXEMaHU HHUXOSICUTa €TKa3WHI.
buounnnapgan amanuérna  QoiparaHMIIHM  KEHTauTupuim  Oyiuya 3
MaclaxaTIapuHTU3HU OepuHT?

Kylnparniapuu anmoxuna aKpaTvHT:

1) Xo3upraya oop oynran OnounmIapaan amanuéraa
doiinananunaéTraniapy opacuaa SHT MyXUMIIApUHU;

2) buwouumnnapman wucTUKOONAA amaymid  QoWmaTaHUI ~ MYMKHH
OynrannapAaH SHT MyXUMJIAPUHU;
by ¢a3udann OaxapuiauIIMHUA OJAWHTH OOCKUYJIAPWHU HATHXKAIAPUHHU Y3
WYMra OJIaJINTaH SIHTY CXE€Ma TY3HHT.

BI/IO‘II/IHJ'IapHI/I aMaJ'II/IéT,Z[a nIaTuJInmm

IR h I e

12-pazuda. Hyxkinenn kucnoramapu acocujaa (Muuiatu®) sSpaTHIraH
HAHOKOHCTPYKIMSUIAp Ba HAHOTEXHOJOTHSAJAP Xakujga HHPopManuoH 0asa
SIPATUHT.

Ha3sopar caBosuiapu:
1. Xyxailpaga TEeHETUK axOOpOTJIapHU CaKJIAHUIIU Ba YHIaH
doitnananui yuyH Kaiicu MakpoMoJIeKyJiaiap »aBoorap oynaau?
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2. JAHK monekymacHHUHT TY3WIHIIWHU TYIITUHTUPUO OCpHHT.

3.  JIHK monekynacuHu Kalicu KUICMU Te€HOM 7e0 aTanmasu’?

4. KaHpaii MojexkylajapHu KoiaukinapuHu ketma-kernurn JHK Hu
TE€HETUK KOJIMHU Oenruiaiam?

5. PHK monexynacvHM Ty3WIMIIMHU y3Ura XOCIUIM HUMaaa’?

6. PHK uu xanmaii Ttypnapunu Ownacus? VYiapHu Xyxailpajgaru
OMOJIOTHK POJIM HUMajapaaH uoopar?

7.  OkcuiaHu KUMEBUH TapKMOMHU xapaktepiad OepuHr. Ilentun Goru
XOCHJT OVTUIIIMHU MEXaHU3MHU KaHan?

8.  Okcwnap Xyxaipana kannad GyHkiusiapau 6axapaan’?

9. OkxcuW/ulapHU UWKKWJIaM4M, y4JaMyHd, TYPTJIaMyd CTPYKTypajlapu
HUMA?

10. OkxkcumnapHu ¥3-y3ujaH IMIAKIAra KAPUIIU (CaMOOPTaHU3U3AIUACH)
HUHT MOXUSITU HUMaa?

TaBcusi 3THIIaANTaH a1a0uéTIAp:
1. Ehud Gazit. Plenty of room for biology at the bottom: an introduction to
Bionanotechnology. London:«ImperialCollegePress», 2007. 181 p.
2. Claudio Nicolini. Nanobiotechnology and nanobioscience. Singapore.:
«Pan Standford Publishing Pte. Ltd.», 2009. 363 p.

3. CM. 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. HanoouorexHnosorusi. Tomxkent, 2015.
3126
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3-amajmnii MalIFyJIo0T:.
I'eH uHKeHepPHUSICH YCYJIH ACOCHIATH HAHOTEXHOJIOTUAIAP.

Nmpan makcaa: Hammonexynsap (cyOXykaiipanu) mapakanard THPUK
cUceMalap  XakKWJa  acoCuM  KyHHKMajapHU  TakpopJam.  buonoruk
MeMOpaHaJlapHU HAHOKOHCTPYKIIMS KUJIUIITHA MyXOKaMa JTHIIL

MacaJjiaHuHT Ky AMJIA N Tunrmosun aMaJIun MAaIIFyJIOTAA
KeJNTUpWIraH BasudanapHu Oakapully, TaxJuj KWIMIIM Ba HATHXKA OJUIIM
JIO3UM.

Nuau 0askapum y4yH HaMyHa:

1-Ba3uda. Kyitmna xentupuiaran “OyKapuoT XyKapajJapHUHT TY3WJIUIIT
cxemacu” HU nadTapuHTH3ra 4m3uO oauHT. PacMaa kypcaTwiraH pakamiap
Owtan OenTwIaHaIuTad XyKaipa OpraHOWNIAPUHUHT HOMJIAPUHU €3U0 YMKUHT.
MeMOpaHanu oOpraHOWIJIAPHM HOMJIAPUHHM alOXuAa axpatnd KEITHUPHHT.
MeMOpananu opraHowjJiapAaH Ba CTPYKTypajaplaH Kaiicm Oupiapu
HAaHOOMOTEXHOJIOTHUsIIApa UIUIATHINIIMHN KypcaThuHr. CH3HUHT (PUKPUHTHU3YA,
sSsHA KaliCu OpraHoujJjiap HAHOTEXHOJIOIJIAp YYyH KHU3UKUII yilroTagu?
XaBobnapuHrusznu acocnad GepuHr.

2-Ba3uda. Kylinga kenTupwirad miasMaleMMaHd TY3WIMII CXEMACHHH
nadrapuarm3ra  €3u0 omuHr. Cxemama xapbiap OwinaH OenrwiaHra,
Ia3MaleMMa XOCWJI KHIYBUM CTPYKTypaJlapHU HOMIIAPUHHM E3M0 YMKUHT.
Oxkcwimapan MoauUKanusacH HATWKACHIA, KaHMAl CTPYKTypajap XOCHI
OynarannuruHu  KypcaTuHr. [lnazmaneMmanu TamlKd CHPTH Kalcu HKoiga
KOWJAIITAaHJINTUHU aHUKJIAHT Ba yinapHU Oenrunad yukudr. [lnasmanemMmanu
TallKd CUPTU OWJIAaH MYKU CUPTHMHM TAKKOCJIAHI Ba yjap opacuaard (papkKHu
TylMHTUpUO OepuHr. Ilma3zmaneMmaHu TallKW CUPTU Y3rapu0, MUKU CHUPTra
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yxmab KojiraHwuaa, yHHM (IJ1a3MajeMMaHH) (QYHKIHMSICH KaHAal Y3rapUIIuHU
TYIUUHTUPUO OCPUHT.

3-Bazuda. DneMeHTap OMOJIOTHK MeMOpaHaHU CXEMaCUHHU
nadrapuHrr3ra yn3nb ommHr. Pacmma Kyiugaru CTpyKTypasiapHu Oenruiiad
YUKWHT: SpUM MHTErpal OKCWJI, TpaHCMEMOpaHalu OKCUJI; CUPTKH OKCHII,
munuayiapad - ruapodun  (monsip)  Oomyanapu;  JIMOMA  MOJIEKYJaJlapUHU
ruapodo6 (Homonsip) aymiapu. Kypcatwiran okcwiapiaH Kadicu Oupiapu
MOJJIallapHu  XyKaiipa (OMOJOTMK) MeMOpaHallapyu OpKajlu TPAHCHIOPT KHUJIUII
Basudacuuu 6axxapaau’?

Jlunnm oucion

OKCHJLIAp

4-Basuda. Kyiinna kenrupuiran pacMaad goiigananuo, TunocoMmanap Ba
HaHOCOMAJapHU (MUIleIIanap) KUECUN XapaKTepUCTHKACH Oyinua *KaJBaJHU
TYJIOUPUHT. JIMNUJ MOJEKyJIAIapUHUA KalCu KUCMHM TallKM MYyXHUTra (MYKd
OyuuMkKka) Kaparad? JlunumiapHu — MOJEeKyJdaJlapuHA — MaHa  LIyHJAAi
OpueHTaluscu OwlaH yjaap LIaK/UIAHTaH MYyXHMT opacuaa ajoka Oopmu?
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HanoxkoncTpykTypamapaan —kKavicuwinapu (mmMnocomanap €KUM MHULEIUIAIAP)
MOJJAIAPHU Xy’KaWpara MyHAITUPWITaH TPAHCHOPT KWJIMINZAA KEHIPOK
unuiatuiaau? JKaBoOMHTU3HY TYIIUHTUPUO OSpUHT.

CTpyKTypaHH y3HUra XOCIuru JIunmocoma | Hanocoma (munesna)

Jlunua MoJeKkynaJlapuHu KaBaTJiap COHH

Jlunuag ~ MosiekynajmapuHu — MeMmOpaHa
JI€BOPHJIA OPUEHTALIUSICU

WMuku 6ymmukau 60pauru

HucOuit karranuk

S-Basuda. Pacmaa xentupuwirad OKCUI-TUNUIJIA HAHOTpyOKaidap HUMa
Ounan ¢apk Kuimaau? YIapHU IMAK/UIaHAII OOCKUWIAPUHHU XapakTepiiad
oepunr. HanorpyOkanapau Kaiicu KucMuza riao0yssip OKCHI-TYOyJIUH UIITHPOK
sranu? bup Tunmarm HaHOTpyOKanmapHu, OOIIKa THIJAArd HaHOTpyOKara
allTaHTUPHUII MyMKUHMHU? Arap HIyHAall amMamITUpUIl MyMKAH Oyica, yHU
KaHAail Kb amanra OIMpUIl MyMKHH?
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6-Ba3uda. “HanoOocma, spHM HaHOmeuaTs’ (HaHoIUTOTpadws) ned
aTalaurad HAaHOOMOTEXHOJIOTUSHM MOXMSITHHA  TYIMIUHTUPUO  OEpHHT.
Hanonmeuats spatuimn Oyiiua unuiaTyBumjapra Kynaid OynraH Kuckauda
KyJUTaHMa Ty3WHT. by HaHOTeXHOJOTHsAAa TUnuAIapHu Basudacu numa? Huma
y4yH KPEMHUWIH TUIACTUHKAra CypTUITaH JIMMUIapHU OUpTagaH MOJIEKYJIacH,
oxupuna Oucinoil makantupaau? CxemaTtuk pacM EpraMuia  JIMIAJ
MOJIEKYJIAJJapUHY ~ KPEMHMIUIM  IUIACTMHKAajapaa, yjJapHu  4-KaBaTWHHU
CYypTUITaH/IaH KEHUHIY KOWIAIIUIIWHNA TacBUpJIaHr. Hanonevarnan amanuéraa
dbolnananum Oyinya Y3MHTU3HY IaXCUM TaKIU(IapUHTU3HU KeJITUPHHT.

7-Ba3uda. Kyitnna KEJTUPUIITaAH XyXKanpaHu MeMOpaHaiu
OpraHOWUIapHU  TY3WJMII CXE€MacuHW JadTapuHIru3ra 4Yu3ud  OJIMHI.
OpraHouiHU HOMHHU Ba YHUHI CTPYKTYpaBHUM KHCMJIADUHU KYpCATHHT.
OpraHougHu KaiiCM CTPYKTypaBHMl KHCMH THOPHAIM HAHOKOMILIEKCIIAp
apatuiiga unuiatwiran? Iy cTpykTypaBuit KUCMHHM KaHZail xoccacu, THOpHI
HAHOKOMILJIEKC spatuiaa Qoigann OYIraHauruHd TYIIUHTHPUO OepuHr?
OnuHrad ruOpu/ii HAHOKOMIUIEKCHIAp KaHAal MeTojjap OusaH ypraHuwiras?
VYnap Oomka HaHOTEXHOJOTHsUIapAa  “KypyBuM Onokmap”  cudartuaa
UIUIATWIAIIN MyMKUHMHE? Y30K Kenakakga THOpUAIN HaHOKOMIUIEKCIapaaH
amanuéraa (QoimanaHum OYHHWYAY3MHTU3HM BapUAHTIAPUHTU3HUA  TaKIU(}
KWJIVHT.

8-Bazuda. Kyitmaga kenrtupuwiran XJIOpOIUIACTIADHUHT TUJIAKOUIJIAPU
acocuia HAHOKOMITO3UT MaTepuasuiap SpaTUIll CXeMACUHU HUXOSCHUTA €TKA3HHT.
Bynna, ymOy >xapaéHHu OOCKMWIApUHU KyHHAard HomiapuaaH (oiiganaHuHT:
TUIAKOWUIAPHU  MOJMDJIEKTPOIUT KaBaT OwinaH Enull; TUIAKOWJJIApHU
KPEMHUIUIM TOJUI0KKaIapra UMMOOUIN3alUsl KWINIL; TUJIAKOMIJApPHU CYBIIU
MYXUTIa >KOWJIALl; TUJIAKOWJJIap CUPTHAA, MOJMAJIEKTPOIUT KOMIUIEKCIApiaH
TYPT KaBaTJIX HAaHOIUIEHKAJIAP AK/UITAH TUPHILL.

Cxema
Tunakouiap axxparuim—

9-Bazuga. Bupycmapgan Qoiimanannd, HAHOKOMIIO3UT Marepuasuiap
SIPATUIIHYU KyHUJa KEITUPUIITAH CXEMACUHU HUXOSICUTA €TKA3UHT
Kynkasarimmnonu- YHU CUPTUIAIANUIIINA
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AIIEKTPOJIUT SPATULIT— OUCION MIaKIIaHTUPUILT—

10-Ba3uda. 9 — Basudanu Oaxapumga Cusz Kypcarran BUpycCIapAaH
¢oiinanann0, HAHOKOMIO3UTIN MaTepUalyiap SpaTUll OOCKUWIAPUHU aHAJIN3
Kunub yukuHr. Huma y4uyH Bupycnap KYNKaBaTiu MOJIHAICKTPOIUTIAH Ba
OUCNOWNM NUNUUIapAaH TaW€piaHraH HAHOKOMIIO3UTIM —MaTepHuaiapra
MycTakui Kupub ongu? Huma ydyH KOMMIO3UTIM HaHOMAaTepuaa HOPAOH
MyXuTra oskoinamtupuiaau? Huma ydyH wuuumra Bupyciaap KUPUTHITAH
KOMIIO3UT HAaHOMAaTepHaIHU TaAKUKOTYMIAp, “OMOJIOTMK XOccalapu Ha3opar
KWJIMHAUraH’ KOMIIO3UT HaHOMaTepuauiap €0 aTraraHjJiapuHu TYLIUHTUPUO
OepuHr. byHra yxmaraH KOMIIO3UT HaHOMAaTe€pHAJUIapHU TUPHUK CHUCTEMaIap
y3apo Tabcupuza XOXJAHMaraH y3apo MyHocaOaTiapHu  MHHyMyMra
Tylranaurura caba® Huma? Xo3upru Bakrga “BUpyc OuiaH 3apapiiaHraH
KOMIO3UT MaTepuauiap”’ KaepiapAa uuuaTwidnuiapy MymkuH? McrtukOonga
ynapaad (Qoivgananuman  Cu3  Takiau( KWIAAWraH BapUaHTIApH OuiiaH
TAHUIITUPHUHT Ba GUKPUHTU3HU acocyiad OepHHT.

11-Ba3uda. Kyiinna kentupuirad maB3yjapaaH Oupopracu Oyiinda €3ma
Mabpy3a TAUEpaaHT Ba y OWJIaH YPTOKJIANIUHT (Japcaa XUMOS KAJTUHT):

OMoOrHK MeMOpaHallap aCOCHAa HAHOCTPYKTYpasiap KOHCTPYKITUS KUJIHILL;

JUMIocoMaliap OJHII Ba amManuéraa Gpoigananum ycyuiapu;

OMONOrMK MeMOpaHalapHU TEXHUK MOJEUIapH, YJIapHU aMaiauérnaa
UIUTATUINLLY;

OMOOrMK MeMOpaHaJlapHU HAHOTEXHOJIOT U1 UITATHIIALIN.

12—-Ba3uda. buomoruk ~ MemOpaHanapHu HAaHOKOHCTPYKIIHS Ba
HAaHOTEXHOJIOTUsUIapAa UIUTATUINIIN OYiindya nH(popManoH 0a3a spaTHHT.
Ha3zopar caBosuiapu:

1. IIpoxapuoT opranu3miiap HUMa?

2. TlpoxapuoT Xyx)alpaHu TY3WIHILIWHUA XapaKTepyiad OepuHT.

3. bakrepusiiap KaHgai xapakTepiaaHaaun?

4. bakrepuan BOpCHHKanap Ba MWIMJIAPHU TaKKOCIAHT. YJIapHHU Y3ura
XOCIUTH Ba GyHKIMSIIApU HUMA?

5. bakrepusiiap Kanaai KWinO Xy>kKaliiH OpraHU3MHUTa KUpaau?

6. Kanpgait kuanb TupHK XyKaiipanapra nopuiap Ba reHjaap KUPUTHII YIyH
OaxTepusiapaaH QorganaHuil MyMKUH?

7. Kanpgait kunu6 Oaktepusuiap MeTaIapHUA HaHOOYIIaKdajJapuHU SPaTHIL
Ba TYIUIAIl MyMKHH?

8. llleBanenna OaKTepUsUIApUHU OFUp IIAPOUTAA HIUIAIITa Maxoyp
KWIMHTaH/a, yJiapja Humanap coaup oynran?

9. IlleBanemna OakTepusuiapujia  “QJICKTPUK  XaMdKaMHAT — KaHJau
HIaKJJTaHIu ?

10. IlleBanemia OakTepusiIapuHu KaHAal y3ura xoc OYiAraH XyCyCHUsITIapH,
ylapiaaH osHeprus ManHOaum cudaruna QoiamaHUIl MYyMKUHIWTH XaKyJa
dbukpamra UMKoH 6epran?
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TaBcust 3THIIAANTaH a1a0uETIAp:

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

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

3. CM. 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. Hanoouorexnomnorus. TomkeHt, 2015. 3126

Ha3zopar caBosuiapu:

1. HanoGynakuanap acocan aTpo MyxuTra KaepjaH Tymajau?

2. Kannaii HanoOynak4danap (3pkuH €k OOFjaHTaH) aTpod) MyXUTra KYIpoK
xaB( Tyraupaau?

3. HanoGynakuanap arpod MyxuTaaH oJaM OpraHU3MWra KaHjai Hymiap
ownan kupub 6opanu?

4. Opam opraHu3MHra Tyliral HaHoOY1ak4danap Kaicu oprasja TyriaaHaan?

5. TuTaH OKCUIWUHUHI HaHOOYJIaKdajapu OpraHU3MIa KHpPraHuIaH KeWnH
KaHJ1ail TabCcup Kypcaraau?

6. Banaguii oxcuaum HaHoOVmakdajap Xykaiipaaa KaHJail Vy3rapuuuiap
yakupaau?

7. HanoOynakuanapuu xaB(CU3IUTH YJIapHU OpraHU3Mra KUpHII Wyiaura
OOFIMKMU?

8. HanoOynakyanapHu KHYMK J03aCMHMA OpraHU3Mra JOMMUNA KHpUO
TYpHILIH, TAPUK OpTaHU3Mra KaHaai TabCcup KypcaTaau?

9. Yrnepomiu HaHOTpyOKalap MPOKapHOT XyKaipanapra KaHaail TabCcup

Kypcaraau?

10. Hanomarepuasmap Ba  HAOTEXHOJOTMSUIADHM  XaB(CU3IMIHU
coxacuaa onub Oopunaaural MIJUIHH Taimab0ycHH XapakTepiad OepuHT.

I1. HanonnnycTtpyuss Ba HAHOTEXHOJIOTHS MAaxCyJOTIAPUHU  OJaM

caJloMaTJIMTUTa XaB(hCU3IMTUHY TAbMHUHJIOBUM KaHAal Ba3u(anap OenruiaHnral
Ba Kaepaa’?
TaBcusi 3THIIAANTaH a1a0uETIAP:

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

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

3. CM. 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.
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V. KEUCJIAP BAHKHA

1-keiic-cTaau.

buonorusana  unutatunagurad  QIyoOpOXpOMJIAPHMHT  KYMYWJIUTH,
KyWlHaaru Oupukmalapra KUpAJIAJIap. Y napHuHT KaMYWINKIIapU
KyHuaruiapaad uoopar:

bupununcu, mact napaxana GgoTocTabMILINK;

WNkxuHuncu, OupHeda OOBEKTIapHM OMpBAKTAAa KYPUII YUyH Xap XHII
OyEéxnmapaan ¢oiianaHuIl 3apypHUsITH;

Yuunuucu, Oy OYEkmapHU (QIIyopecleHIUsICUHA KyYauTUPHUIT YUyH
TEruiud Oynrad Epyriauk MaHOamapyuHU TaHJIAII 3aPYPHUSITH.

I-cagon. Opranuk ¢dayopoxpomiiapHu Oy KaMUWJIMKIAPUHU KaHAai
KWIKNO HYKOTHUIII MYMKHUH?

2-cagon.  HanokpucTayulapHUHTYJIYaMJIapHU ~ Y3rapTUpUO,  ONTHUK
CIIEKTPHU XOXJIaraH >KOWWTra YpHAINTHUPWITaH, (iryopeclieHnusra sra OyiaraH
(bIyOpPOXPOMHH OJTHIIT MYMKHHMU ?

3-caeoa.buonoruk TagKuKoTIapaa KaiiCu KUMEBUN MOJaiap KOIUIaHTaH
KBaHT HYKTQJIH SIPUMYTKa3ru4iap HIUIaTHIAAN?

2-Keiic-cTaam.

CyBaa »spuMaiiiuran OpraHUK MojAanapHu, ¢epMeHTiaap Epaamuaa
y3rapTUpyIl yCyJWHHA TOMHUII MYMKMHMU?By MyaMMOHHM €4MII Y4YyH KaTop
Taxkpubanap yTkasuirad. OkuOaTaa, arap spuTMa TYJIUK CyBCU3JIaHTHpHUIICA Ba
(akat opraHuk SpUTYBUU KOJICa, PEPMEHTIAPHU XYCYCHUSTIApU Ba CTPYKTypacH
CakJaHUO KOJIMIIN MYMKHH 9KaHJIUTY TaCAUKJIAHTaH.

[lynaaH KeWWH, MaxCyC MUKPOOPTaHU3MIIAP «KOHCTPYKLHUS» KWUJIMHIaH.
['eH nHXeHepauru MeToau €praMuia, MUKpOOPraHU3MIIapra, OpraHuk MyXUTAa
(bepMEeHT CUHTE3 KUJIHIIL XYCYyCUSITH OepUiTaH.

bynpmait mMukpoopraHuzMiap, OpraHuK 3axapid MYyXUT TapKuOHaaru
CyBla JpHUMapuraH OpraHMK MOJJAJapHU 3aXapCU3JIAHTUPHUIN (T1apyajial)
YUyH KEHT MIUIaTUINO KeTUHMOK/IA.

1-cagon.Muxkpoopranusmiap cudaTtuaa Kancu aBJIOJ
MUKPOOPraHU3MIIApU UIUIATHIIAAN?

2-caéon.by MMKpPOOpPraHM3Miap acocaH KalCHh CyBJIa 3SpHUMalIAraH
OpraHuK MOJIAJIapHU Mapyajalira Mocjamrasiap?

3-cagon.l'eH MyXaHIUCIUTH MUKPOOPTaHU3MIIAPHUHT Oy XOCCaJIapHUHU
JUMUTIOBYHA MyaMMOJIAPHU XaJI KWJIa OJIaIUMHU?
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3-keiic-cTaau.

baktepusinapnan nHaHoOynakuanap Tanépnamna Qoigananum Hymiapu
unuiad yukuwirad. CakCOHUSIHUHT ypaH KOHJIapuaaH Oupuaa unuiad kemaérras,
oup rypyx ['epmanusnuk O6uosior onmumiap, “‘bamumna chepuueckas JG-A12”
ne0d HOMIJIAaHTaH SHTM OakTepusiHd Tomnranjiap. by Oakrepusiiap ypaHaaH
XUMOSUTAHMIII YYYH MYCTaxKaM CUPTKU OKCUJ KoOurura sra. by koOuk, kymiad
HaHOTEIIUKIap (HAaHOMOpa) cakjalMd xamja Oy HaHOTEIIMKIap, OUp XU HAKII
(xarmTa, TyJ) XOCHUJI KAIUO >KOHIaHuIm Oninad dapKiIaHaIm.

1-cason.baktepussHuHr MaHa 1y HOEO0 KoOWFMAaH, HaHOOYIaKdyamsap
Taiéprnam yuyH KaHaai oiganaHum MyMKAH?

2-cason. bynnait 6akTepusiiap, METAIT HOHJIAPHU CaKJaraH MyXUTra
TymuO KoJATaHaapuaa, Y3napuHu Kanjaan Tyraguiap?

3-cagon. bakTepusIapHUHT METAJLJI HOHJIAPUHU Y351apua TYTIau
MYMKHUHMU?
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VI. MYCTAKWJI TABJIUM MAB3YJIAPU

MyCTaKI/IJI HINHUA TAINKWI STUIHIHHHT IHIaKJIH Ba Ma3MYHH.

TUHTIOBUM MYCTaKkWi UIIHM MyaWssH MOJYJTHH XYCYCHSTIApUHH XHCOOTa
OJITaH XOJ1/1a KyWH1aru makmuiapaad goinanannd Tai€puany TaBcust dTHIIAIN:

- MeBEPUN XydoKaTIap/aH, YKyB Ba WIMHUM amaOuériapaad onaamaHuIn
acocuza MOAyJ MaB3yJIapyHU YpPraHUILL;

- TapKaTMa MaTepuasuiap 0yiinua Mabpy3ajiap KHCMUHH Y3JIalITHPHILL

- aBTOMATJIAIITHPWITaH YypraTyBud Ba Ha30paT KUJIYBYM JacTypiap OuiaH
WIIant;

- Maxcyc amabuérnap Oyimdya Momyn Oynumiapu €Ku MaB3yJapu yCTHIIA
WIUTAIL;

-TUHTJIOBYMHUHT KacOuil QaonusT OwnaH OoFnMMK OynraH MoIyn
OynumIapu Ba MaB3yJapHU YyKyp YpraHUILL.

MycTakua TabJIuM MaB3yJiapu:

1. HanoOnoTexXHOJI0THS — OMOJIOTUSHUHT PUBOXKJIAHUIINHY STHI'M OOCKUYH.

2. HaHoyHEHHM TaIIKWII KMITyBUM OMOMaKpoOMOJIEKyJiajap.

3. JHK  MOneKymacMHUHI  CTPYKTypacH Ba  XOCCAJIapd  acoCHla
HaHOOMOTEXHOJIOT U

4. I'eH MHXKEHEPUICU METON ACOCUATY HAHOTEXHOJIOTUsIIAP.

5. Hagmonexynsap (cyOxyxaiipanu) aapaxajaa TalIKWi1 KWJIUMHTAH THPHUK
CUCTeMaJIApHUHT HAHOOMOTEXHOJIOTHSIIapH.

6. Xa€THH MPOKapHOT Ba XyKaillpacHu3 MIAKJJIapM HAHOKOHCTPYKLMSIAp Ba
HAaHOOMOTEXHOJIOTHUsIIApA.

7. buopeakTopiap Ba OMoKkaTanu3aTopiiap HAHOTEXHOJIOTUAA.

8. Hanomarepuasniap Ba HAHOTEXHOJIOTHsUIAPHU XaB)CU3IMK MyaMMOJapHu.

9. HanoOMOTEXHOIOTUSHN MEAUIIMHAIA UIIITATUITUIIIH.

10. Jlumocomanap. Jlumocomamapra rugpodumn (ruapodod) Mojmanap
KUPUTHULL.

11. buonoruk d¢aon wmopmanap (b®OM) #HyHaANTUPUITaH TPAHCIOPTU
BOCUTACH cHu(aThia JUIOCOMAlapHU ycTyBopiauru. JlopuBop Moananap
TallyBYMCH — HAaHOOYIaKyanap Taiépiail ydyH MIUIATUIAUrad [oJIMMepiiap.

12. Jenapumepnap. JleHApUMEpIapHUHT XOCCAJIApH, YyJIapJaH JOpUBOP
MOJJaJIapHU TallyBuniIapu cudaTtuaa (oinaaaHuIL.

13. @ynnepen YIJIEPOHUHT Oormika aJUIOTPOIIMK dbopmanapu.
DHpodymnepennap. YaapHu THOOUET A NITATUIIT UMKOHUSTIApPH.

14. AutuTana. AHTUTaHAJIApHU KaHJail y3ura xoc OYiraH XycCycHsTIapH,
ylIapHU aTOM-KyWIM MHKpPOCKOIUIap &paaMuia KyIIMMuya WIUIOB OepHill
OocKkUuIapu.

15. Tub6uér MMIUIaHTaTIIapu.  MMiutanratiap  Ttauépnam — y4yH
MIUIATHIAIUTaH MeTajuiap.
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16. “buomarepuaiap”. YJIapHUHT YMyMUH XOcCCajJapH.
1'7. HanotexHosorusinap ApaTwjiraH MMIUIAHTJIApHU. TyKMMa MMIUIAHTaTH
OJIUIITHUHT OOCKHYJIApPH.
18. TyKrMa MyXaHJAHUCIUTH YUYH “‘MyKamManl MaTPUKC XOCCalIapHu.
19. DNEeKTPOCIMHHUHTHUHT MOXMSATH. By ycynaa oOJMHIaH MUHKpPO- Ba
HAHOTOJAAp MIUIATUIMIIN. By yCyJTHUHT KaMUYNJIUTH.

20. JlunocomanapHu TY3UJIUIINHU Y3UTa XOCIUTH.

21. Jluniu MoJeKyanapyu OMCIION 1a JKOMIAIIHUII YPHHU.

22. OKCUN-TUNUTH HAaHOTpyOKaap.

23. OuuK Ba €MUK HAHOTpYyOKaIap sSpaTHUIIL.

24. Jlunuanapaad ¢oinananuO sspaTUIraH HaHONEYaTh METOAUHU MOXUSITH.
25.CyHpuii  spaTuiaraH  MeMOpaHaJapHUHI  OMOJIOTMK  (QuIbTpiap
Basudacuuu 6axapa ommmu. CyHbUI Oyipak.

26. XJ0pOIUTACTHUHT TY3UJIUIIIH.

27. XnoponiacTiiapHu TUJIAKOUJIApU acocHsiaru ruOpuaIu
HOHOKOMILJIEKCIIAP.

28. BupycnapHHHT SIHTM KOMIIO3UT HaHOMaTepuauiap Tai€piaiiia KypyBuu
omokyap cudaTaa UITATHIINAIIN !

29. Xyxkaipa MmeMOpaHacura BUpyClIapHH TaOUUI KUPUII MEXaHU3MIIAPH.
30. MemOpananap Ba  BHpyclap  acocujaa  sApaTWiraH  KOMIIO3UT
HaHOMaTepHuaJiap.

31. IIpokapuoT opranusmJap.

32. bakrepuasl BOpCHUHKajap Ba NWIMJIAPHU. YJApHU y3Ura XOCIUIH Ba
byHKIUSATApH.

33. Tupuxk  Xyxaiipajapra Jopujap Ba TEHJap KUPUTHULI  y4YyH
OakTepusiiapaaH GponganaHuml.

34. bakTepusulapHUHT MeTajulap HaHOOYJIaK4aJapuHU SIPaTUII Ba TYIUIAII
XOCCACH.

35. llleBanenna OakTepusUIApUHU OFUP IIAPOUT/A UIIJIANI TPUHLIUILIIAPH.

106



VII. [JIOCCAPUI

Y30ek THINIArn

HNHraus tuangaru

Tepmun Tepmun
HIapXu mapxu
I'mukonpoTeunH,
) . obnamaromuii OueHb A glycoprotein that has
Biotenga yuqori QIO gLycop .
_ . . BBICOKOM a very strong affinity
affinlikka (dissotsatsiya .o
AN N, ad(HUHHOCTBIO K for biotin
. 3 konstantasi 107" M) . Y
Avidin , . OMOTUHY (KOHCTAaHTa withdissociation
ega bo’lgan va u bilan w15
ABUIHH nuccormanuu - 10 constant about to 10-15
.y eng mustahkam B "
Avidin s 1 M"), oOpa3yromuii ¢ M-1, the strongest
nokovalent bog’ bilan
, . HUM caMmylo IpouyHyro | known for noncovalent
bog’lanuvchi i .
. . U3 N3BECTHRIX interactions (also see
glikoprotein. ; X
HEKOBAJICHTHBIX covalent interactions).
CBSI3CH.
. . ITonumepHast MoJiekyia
Diametri 7nm bo’lgan, P Y .
o e U3 JIBYX CIIUPATLHO A two-stranded helical
ikki zanjirli spiral . .
, . 3aKpy4YCHHBIX LIETEeH polymer with a
o’ralgan polimer .
R JTUaMETPOM OKOJIO 7 diameter of about 7 nm.
R molekulasi. Sitosklet . .
Aktinli filament , HM. OCHOBHOM Serves as a major
. va ko’ndalang . .
AKTHHOBBIH(pHIAMEH . . OeNKOBbII1 KOMIIOHEHT protein component of
mushaklarni asosiy
T LUTOCKEJIETa U the cytoskeleton and

Actin filament

oqsil komponenti.

Boshgacha nomi
mikrofilament (miozin
va polimer atamalariga

MOTIEPEYHOITI0IOCATHIX
MbI. pyroe
Ha3BaHUE -
Mukpoghunamenm (CM.

striated muscles. Also
known as
microfilaments (also see
myosin and polymer).

qarang). Muosun v [lonumep).
Ynopsa104YeHHbIE HUTH
OdamorganizmidaAlzg 1 3 OCJIKOBBIX WJIN
eymerva 2- MENTUIHBIX KOM- An ordered protein or

tipdiabetkabikasalliklar

IIOHCHTOB JUaMETPOM

peptide fibril with a

Amiloidfibrillalar gdapaydobo’ladigan, 7-10 umMm, diameter of 7-10 nm
AMUJIONIHEBIE . ) ) ) .
e a— diametri 7-10 dbopmupyromuecs B that is associated with
Am ll())i dfibril nmbo’lgan, KJIeTKax yenoBeka mpu | human disease such as
y ogsilyokipeptidkompon psine 3a00JieBaHUH, Alzheimer’sdisease and
entlaridantuzilgantartibl TaKHUX Kak 00JIe3Hb Type II diabetes.
imolekula AnbureiiMepa u quabder
II Tumna.
. | CrpouTembHbIe BIOKK |y 4 din e blocks of
Ogsillar va peptidlarni | 0GenIKOB ¥ MOTUMEPOB- . .
N . proteins and peptides
tashkil giluvchi [ENTUA0B. TUlINYHAA .
o polymers. A typical
bloklari. Tipik AMUHOKHCIIOTA . s
. . amino acid is composed
o . aminokislota- uglerodni | BKJItOYaeT XUPAIBHO )
Aminokislota . . . . . of a chiral carbon
xiral assimetrik atomi | acMMMETPHUYHBIA aTOM .
AT I va unga ulangan amino- Jepoaa, ¢ KOTOPbIM linked to an
Amino acid & & yIJIeposa, P aminogroup, carboxyl

, karboksil guruhlar va
yon zanjirlar saqlaydi.
(peptidlar, polimer,
ogsillarga qarang)

CBsI3aHA aMUHOTPYIITIA,
KapOOKCUIIbHAS TPYyIITIa
1 OOKOBas 1IeMb (CM.
Ilenmuowt, Ilonumep,
benxu).

group, and a functional
side chain (also see
peptide, polymer,
protein).
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Bir vaqtning o’zida .
qtning Coenunenue, A chemical compound
gty e e ham gidrofil, ham
Amfifil birikmalar . . MPOSIBIISIIOLIEE OJTHO- that have both
gidrofob xususiyat . o
AmpuduibHoecoeTH o 1 BPEMEHHO CBOMCTBA hydrophilic and
namoyon qiladigan .
eHue e TUIPOGUIBHOCTU U hydrophobic nature
< pers birikmalar.
Amphiphilic or . ruapodobHocTH (0T (from the Greek
. . (yunonchadan amphis- . .
Amphipathic 7 vy rped, amphis- «o0a», amphis: both, and
xar ikkalasi” philia- - o
. - philia - «TT060BB»). philia: love).
sevgl”)
Angestrim (A)
) . ) One tenth of a
Anrcrpem(A) 10 M yoki 0,1nm 0,1um, 10" M. 10
0 nanometer, 107" meter.
Angstrom (A)
XuMHYecKoe A chemical compound
Immun javob COE/IMHEHHUE, that stimulates an
Antigen chagiradigan ya’ni BBI3BIBAIOLIIEE immune
AHTHIeH antitana hosil giladigan MMMYHHBIN OTBET, B response,especially the
Antigen kimyoviy birikma. YaCTHOCTH - BBIPaOOTKY production of
(antitanaga qarang) aHTUTEN (CM. antibodies (also see
Anmumena). antibody).
benkoBbie KOMITICKCHI,
cnenupuyecku .
e s G A protein complex that
Yugqori affinlikka ega, CBA3BIBAIOLINE . - .
\ i ) binds specific chemical
ma’lum kimyoviy OTIpeieICHHBIC T T
. . . . entities (“‘antigen”) at
Antitana birikmalar bilan XUMHUYECKHUE . . S
. . e , . high affinity.
(immunoglobulinlar) spetsifik bog’lanuvchi COCTMHCHUS —
. . . Antibodies serve as a
AHTHTEIA ogsil komplekslari. (aHTUTEHBI) C BBICOKOM maior
(MMMYHOTJ100YJTHHBI) Immun sistemasining ad(UHHOCTBIO. J
. . S tool of the immune
Antibody or bakterial va virusli OCHOBHOE «OpYyKHE»
. . i . o system to combat
Immunoglobulin infeksiyalarga qarshi MMMYHHOU CHUCTEMBI B . .
T o bacterial or viral
asosiy “qurol”i( 6opnde ¢ . .
. . infections (also see
antigenga qarang) OaxkTepuaIbHOU U antigen)
BUPYCHOM nH]eEKIuei gen)-
(cM. Anmueen).
CoenuHenus,
coJieprKaliye OJHO WIH
JICPIRALIIHE O A compound that
. HECKOJIBKO TIOCKHX .
Umumiy elektron contained one or more
. , UKITHYECKIX .
galinlikka ega bo’1gan IEPOJTHBIX CTPYKT cyclic planar carbon
o pes bir yoki bir necha yrIepolt PYKIYP | hoieties that includes
Aromatik birikmalar - ¢ o011el AIeKTPOHHON
yupqa siklik uglerod shared resonant
ApomaTnyecKuecoeau . IJIOTHOCTEIO. .
strukturasi saqlagan electrons. Aromatic
HEeHH s .. . CnocoOHBI k
. birikmalar. Geometrik compounds
Aromatic compound . CIIOHTaHHOMY
chegaralarga bilan . spontaneously
. . \ B3aMMOJICHCTBHIO - o
birdaniga o’zaro organized in
s . . CTIKHUHTY, ; .
ta’sirga kira oladi geometrically restricted
00YCJIOBJIICHHOMY .. .
stacking interactions.
Te€OMETPUUYECKUMHU
OTpaHUYEHUSIMU.
. Prokariotlarning Cucremarnueckas A branch of
Arxebakterialar . . .2 )
sistematik guruhi, ko’p | rpynmna mpokapuort, BO prokaryotes that is
Apxeu, apxedaKkTepun . . .
Archea or hollarda bakterialardan | MHorom otnuuaromasicst | different form bacteria
. bir gancha xususiyatlari oT GakTepuii u in many paramet ers
Archeabacteria : o
bilan farq giladi va NI0X0>Kasl Ha DYKApHUOT. and resembles
108




eukariotlarga o’xshaydi. OO0pa3yroT o1HO U3 eukaryotes in some
Prokariotlar va TpexX HaaImapcTB Hapsay | aspects. Believed to be
eukariotlar bilan bir C IPOKapHOTaMu U a third primary
qator 3 yirik SyKapuOTaMH. biological kingdom
podshohlikni birini besides
tashkil qgiladi. bacteria and eukaryotes.
PaznoBugHOCTH
CKaHUPYIOLIEH
. . 30HJ0BOM .
.. Skanerlovchi zondli HAOBOR A type of scanning
Atomkuchlimikroskop . . . MHUKPOCKOIIUH,
mikroskopning yuqori probe
(AKM) . , o0ecrneunBaronas . .
sezgirlikka ega bo’lgan microscope, with very
ATOMHO- . . s OYEHb BBICOKOE . .
bir turi. Ko’rish, high-resolution. AFM
CHJIOBASIMUKPOCKONHU ) paspemenne. ACM . }
o’Ichash va serves for imaging,
s1(ACM) , . WCIIONB3YETCS IS .
. nanobo’lakchalar bilan measuring and
Atomic force . . . BU3YaIH3aIuH, . )
. manipulyatsiya qgilishda manipulating matter at
microscopy (AFM) Ty s WU3MEPCHHS U
qo’llaniladi. the nano-scale.
OCYIIIECTBICHHS
MaHUNYJISIUNI C
HaHOOYIaKyaMu.
Ikki va undan ko’pro . . .
. wndan ko prod B3aumopeiictBue 1Byx | The interaction between
. kimyoviy birikmalarni .
Affinlik . . 1 60JICC XUMHUYECKHIX two or more chemical
dissotsatsiya o o
Addunnoctb e CYILHOCTEH, onuchiBae- | entities as reflected by
. konstantasi bilan . L .
Affinity i . , MO€ KOHCTaHTOM their dissociation
belgilanadigan o’zaro
e JUCCOLUAIIUH. constant
tasiri.
C . OHOKIETOYHBIE A unicellular
. Bir hujayrali
Bakteria . . IPOKAPUOTUUYECKUE prokaryote
mikroorganizmlar, . . .
bakrepun . MMKPOOPIraHHU3MBEI, microorganisms that is
. hayotning eng tuban o
Bacterium . . onHa u3 Hu3mmx ¢opm | classified as lower form
shakllaridan biri. .
KU3HU. of life.
Bakteria hujayrasiga Bupyc, nponukaromuit
kira oladigan va uni B OaKTepUaIbHYIO A virus, which infects
Bakteriofag ichida ko’paya oladigan KJIETKY U bacteria and manipulate
Bakrepuodar virus (bacteria va Pa3MHOKAOIIMIICS B in them (from bacteria
Bacteriophage yunoncha “phagein” — Hel (0T cloB and Greek phagein: to
yemoq so’zlaridan «bakTepusi» U Tped, eat).
olingan) phagein-ecTs).
Organizmni minellar .
gantzmni O6pa3zoBanue A process by which
. . . . hosil qilishi, odatda )
Biomineralizatsiya 10’ qimalarea MUHEPAIOB )KUBBIMHU organisms produce
buomunepanusauus qmararga OpraHu3sMamu, 0OBIYHO minerals, often to
C . o . mustahkamlik berish 3
Biomineralization . JUTSL IPUIAHUS TKAHSIM harden or stiffen
uchun kechadigan N
. IIPOYHOCTH. existing tissues.
jarayon.
. Hayxka,ucrons3yromas The use of biological
. . Nanotexnologiyada K IH o gle
Bionanotexnologiya . S B.HAaHOTEXHOJIOTUU principles and building
biologik prinsiplar va
BuonanorexHoJsiorus 1 . OuoJIOorn4ecKue blocks for
. qurilish bloklari )
Bionanotechnology . . MPUHIINIIBI | nanotechnological
ishlatadigan fan. .
CTPOUTEINbHBIE OJIOKHU. applications.
Biosensor Biologik kelib VYerpoiicTso, A device that combines
Buocencop chigishga ega bo’lgan | Bkitouaromiee nerektop | a biological detection
Biosensor va optik yoki elektrik OHOJIOTHYECKOT0 component
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o’zgartirishga olib
keluvchi detektordan
tashkil topgan qurilma.
Har xil moddalarni
topish uchun ishlatiladi.

MIPOUCXOXKICHUS U
AIEKTPUICCKUN OO
ONTUYECKUI
npeoOpa3oBaTerb.
Hcnonb3yerca nis
OoOHapyKCHHS
pa3IUYHBIX BEUIECTB.

transducer component

together with a

for the electrical or
optical detection of
analytes.

Biologiya asosida

MeauHcKue,
CEJIbCKOXO3SIMCTBEHHEIC

The technological
application of biology

buorun (Buramun H,
BUTAMHUH B7;)

uchraydi. Avidin bilan
mustahkam bog’ hosil

el yaratilgan tibbiyot,
Buorexnonorun . v 15 U TIp. TEXHOJIOTHUH, . . .S
. qishloq xo0’jaligi va in the field of medicine
Biotechnology - pa3paboTaHHbIE HA .
boshga texnologiyalar and agriculture.
OCHOBE OMOJIOTHH.
e el Kichik organik He6ounbmas A small organic
Biotin (vitamin N va
e . molekula, tuxum OpraHuYecKas compound of egg also
vitamin B-) ) ) -
komponentlarida MoJIeKyJa, BcTpedaercss | known as vitamin H or

B KOMIIOHEHTAX SiIa.
OO0pasyeT mpouHBIi

B that forms a very
strong complex with

Surfactant

Biotin - .o
qiladi. KOMILJIEKC C aBUIUHOM. avidin.
.. Ee Monexynbl
RNK molekulasini Y . .
DNK sintezi uchun kerakli cozepxar A nucleic acid that
JHK informatsiyani o’zida UHPOPMALINIO IS contains the
. . cunTe3a mojaekyn PHK, information for the
(me30KkcUPUOOHYKIEHH saqlovchi nuklein .
T kislota. Ularning OOJIBLITMHCTBO U3 synthesis of RNA
X . Y s . KOTOPEBIX molecules that is most
DNADeoxyribonucleic ko’pchiligi ogsil p }
acid translatsiyasiga UCIIONB3YIOTCS JIs cases are being
fovdalaniladi TpaHCIAIMY - cHHTe3a | translated into proteins.
Y ) Oernka.
. . .. . A method for the
Dori vositalarini Farmasevtik MerToa TOoCTaBKH deliverv of a
yetkazish- birikmalarni inson yoki JIEKApCTBEHHOTO harmac}(;u tical
JocTaBkajnekapcTB hayvon organizmiga npenapara K Hy>KHbIM compoun d to humans or
Drug delivery yetkazib berish metodi. opraHaM U TKaHSIM. p !
animals.
Mikroskopning bir turi .
hisoblanib obyektni PaznoBugHOCTH A type of microscope
fotonlar oraali emas MUKPOCKOIHH, B that uses electrons
balki qisq;l to'lqinli’ KOTOPO# U300pakeHue instead of photons to
Elektronmikroskop elektronlar ogimidan 00bexTa popmupyeres | - create an image of the
e foydalanib aniq He ¢poToHamHU, a Oosee target. The short
T (B tasvirini ko'rish KOPOTKOBOJTHOBBIMHU wavelength of the
R —— imkonini beradi anekTponami. [lyqox electron beam allows
(EM) Elektronlarnin ) AJICKTPOHOB nanometric resolution
- mlanmasi bir 1 e%: ha obecreynuBaeT as compared tohundreds
gl anometr kattalikdasi paspelnieHue mopsiaKa of nanometers
- mni ko’rish imkonfigni HECKOJILKUX HAaHOME- resolution using optical
J beradi TPOB microscopy.
A wetting agent that
. . AmMbudmnasiroe
Sirtfaolmoddalari . . pup lower the surface
Amfifil modda bo’lib BEIIIECTBO, : .
IToBepxHOCTHO- uzadan suvaalik CHBIIAIOMIEE 110 tension of a liquid.
AKTHBHOE BelleCTBO yuzacan suyuqis ™ Surfactants are
tortilishini kamaytiradi BEPXHOCTHOE . o
amphipathic in nature

HaTsXKCHUE KUJIKOCTH.

soluble in both polar
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and non-polar solvent.

Knacc nununos,

Manfiy zaryadlangan A class of lipids that
LS COJIepIKaIIIX : !
.. fosfat guruxlarini o’zida contains a negatively
Fosfolipid . . OTPHUIIATEITEHO
saglagan lipidlarning charged phosphate
Dochomnuabl L : 3apsbkeHHbIe pocdar- .
. . bir sinfi. Biologik group. The main
Phospholipid ) HbIE TPYIIbI, OCHOBHBIE . . .
membranalarning constitute of biological
. . KOMITOHEHTHI
asosiy komponentlari. membranes.
OrnomemOpaH.
. . DneMeHTapHas
Elektromagnit nurlanish . P .
) \ Oynmakua, The elementary particle
Foton bilan alogador bo’lgan .
. . 00yCJI0BIMBAOIAs responsible for
DoTOH hodisalarning paydo .
yre 1 . . SABJICHHUS, CBI3aHHBIC C electromagnetlc
Photon bo’lishida qatnashuvchi
ANEKTPOMArHUTHBIM phenomena.
elementar zarracha
U3ITy4YEHUEM.

Fiksirlangan ionli
nurlar
CdoxycupoBaHHBIINO
HHBIJIYY
Focused ion beam

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

HNuctpymenT niis
BU3YaIM3aluU U
HaHoIUTOrpadun
clcnonb3oBaHneM
c(OKYCHPOBAHHOTO
My4Ka HOHOB (OOBIYHO
HWOHOB TaIus).

An instrument that uses
a focused beam of ions
(usually gallium ions)
for imaging and
lithography at nano-
scale resolution.

Coenubenue,
Suvga o’xshagan polyar pacTBOPUMOE B
eritmalarda eruvchi TTOJISIPHBIX .
I A polar chemical
birikma va polyar pPacTBOPUTEIIAX, TAKUX
. . , compound that prefer
Gidrofil bo’lmagan KaK BOza, 1
. . . polar solvent such as
I'mapopuiabHoe suyugqliklarda erimaydi. HEpPacTBOPUMOE B
water (from the Greek
(moasipHoe) (Yunoncha hydros- HETOJISIPHBIX
ere o e e . hydros: water and
Hydrophilic suv” va philia- “sevgi KUIKOCTAX (OT Tped, o
. ) - philia: love). See:
so’zlaridan olingan) gan | hydros- «Bona» u philia Amphiphilic
birikma. (amfifil _ «TI060BE) (CM. PHIPALIC.
birikmalarga qarang) Ampupurvroe
coeounenue).
Polyar bo lmggap Coemunenne, A non-polar chemical
suyuqliklarda eriydigan pacTBOpPUMOE B L
; A compound, which is
va bog’ hosil giladigan HETOJISIPHBIX
>, repelled from amass of
. birikma, suvda pacTBOpPUTENAX U
Gidrofob . e e water and prefer non-
erimaydi. Gidrofil HEpPaCTBOPUMOE B BOJIE
I'mapogodHOoe e , polar solvents (from the
bog’larni lipofil bog’lar (ot rpey, hydros-
(HemoJispHOE) R Greek hydros: water
ham deyiladi. «BOJIa» B phobos -
coeIHeHue . and phobos: fear).
. (Yunoncha hydros- «CTpax»). .
Hydrophobic « Hydrophobic
suv “ va phobos- IM'uapodoOHBIC
o N . compounds are
go’rgmoq” so’zlaridan COCIMHEHUS TaK¥Ke .
. sometimes known as
olingan) Ha3BIBAIOT ere e
lipophilic”.
JIUNO(GUIEHBIMU.

111




Suvdan iborat polimer
zanjir (99% dan

CeTb U3 MOJIMMEPHBIX
MOJIEKYJI, HACHIIIICHHAS

A network of polymer
chains which contains

el ko’proq), ko’pchilik NPCHMYIICCTBEHHO predominantly water
I'maporennb i BOJI0M (00BIYHO> 99 .
gidrogellar (typically more than
Hydrogel %). BOaBIIUHCTBO
nanostruktura . 99%). Many hydrogels
... ruaporenei 0oaagaoT
ko’rinishiga ega. . show nano-scale order.
HAHOCTPYKTYPOH.
D . . B Guoxumuyeckom (In its biochemical
Biokimyoviy nuqtai
. , CMBICJIC - CTEIICHb context): The share of
Gomologiya nazarga ko’ra DNK .
. CXOJICTBA high degree of sequence
T'omonorus molekulalari va W ! O
Homology ogsillarning o’xshashlik nocneaoBarenbHocTed | identity or similarity in
. . mosekyn IHK u the DNA or protein
ketma-ketlik darajasi.
OENKOoB. levels.
Marepuai,
Grafit Yupga qaqamh uglc.trod 00pasoBaHHHIil A two dimensional flat
atomlarining hosil MJIOCKUMH CJIOSIMU U3
L T bo’lgan material ( aTOMOB yriiepoja (0T sheets of carbon (from
Graphite £ « , yrIepo’s the Greek: to draw).
graphein- “yozmoq”) rped, graphein-
«ITHCATh»).
Immunoglobulin
HNMMyHOTr 100y THHBI Antitanaga qarang CM. Aumumena. See antibody
Immunoglobulin
[Topsr B MeMOpane,
Oq§1l molekulalan hosil 00pa3oBaHHbBIE A membrane embedded
giladigan membrana OCIIKOBBIMH .
o protein-made pore that
TIon kanal teshiklari makum MoJIeKyJIaMu, o0e-
. . allow the transport of
HNonHbIeKaHAJIDBI ionlarni (masalan, CIIEYHBAIONINE e .
. R specific ions (e.g.,
Ion Channel natriyli yoki kaliyli TPaHCIIOPT .
sodium channel or

kanallar) transpotini
taminlaydi.

ompe/IeJICHHBIX HOHOB
(Hanpumep, HaTpPUEBbIE
W KaJIMeBbIC KaHAJIBI).

potassium channel).

Kevlar
Kesaap
Kevlar

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

DupMEHHOE HA3BAHUE
(Bmanmenern - ¢pupma
DuPont) ognoro u3

BUJIOB OYCHb IMPOYHBIX

BOJIOKOH M3
apOMaTHYECKHUX
MTOJIMaMHUIOB.

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

IloBbaer

An agent that increases

Kontrasthosilgiluvchi “Signal/shovqin” o
. YYBCTBUTCIIbHOCTE MPH the sensitivity of a
modda munosabatini BU3YalIM3aliH 3a CUET iven imagin
KonTtpacrupyrommii kuchayishi hisobidan y 1 gIven iaging
. e MTOBBIIICHUS technique that
areHT ko’rish sezgirligini . . )
. . OTHOLICHUS improving the noise to
Contrast agent oshiruvchi modda. . i
«CUTHAJI/ITyM». signal ratio.
Modda solingan Knacc nBurareapbHBIX .
. , A class of motor protein
. mikrotrubkalar bo’ylab OEINKOB,
Kinezin . ) that moves along the
xarakatlanuvchi ogsillar MePEMEIIAFOITIX CST .
Kune3un o microtubules to
.. sinfi. BJI0JIb MUKPOTPYOOUEK
Kinesin o . transport cellular cargo
mikrotrubkalarga C Tpy30M (cMm. .
» (also see microtubule).
qarang Muxpompybouxu).

112



XUMHYECKasA CBI3b,

Bir yoki bir necha . .
Y o BO3HMKaromas myreM | A chemical bond that is
R elektronlarni ikki atom .
Kovalent bog bilan 00001IeCTBICHUS characterized by the
KoBasnenTHasicBa3b . _ OJIHOTO WJIN sharing of one or more
mujassamlanishidan

Covalent bond . . HECKOJIbKUX electrons between two

kelib chigadigan
. . , JJIEKTPOHOB JABYM:I atoms.
kimyoviy bog’.
aTOMaMH.
. [TomynpoBoiHUKOBAs .
Noyob optik va }:;p KTH ac A semiconductor
Kvant nuqta flyurosent hususiyatga PYKTYP nanostructure that have
, . YHUKAJTbHBIMHU . .
KBanTtoBasiTouka ega bo’lgan yarim unique optical
, ) ONTHYECKUMU U
Quantum dot o’tkazuvchi struktura. and fluorescent
¢bryopecueHTHBIMU .
9 properties.
CBOMCTBAMH.

Labaratoriya
chipiJlabopaTopusinau
umne
Lab-on-a-chip

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

YcerpolicTBo miis
aHalIi3a OYeHb MaJIbIX
(mopsiiKa HECKOIBKHUX
MUKOJIIUTPOB) 00BEMOB

KHUJIKUX 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 o611eM cMEICTE -
METOJ, IICYaTH Ha
r1aKOW MOBEPXHOCTH.
B xoHTEKCTE MUKPO- U

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

Litografiya nanoelektronikada HAHODXJICKTPOHUKH - .
. oee electronics, a method
JIutorpapus nurlanish yo’li METOJ] HAHECCHUS .
. . for the patterning of
Lithography bilan(fotonlar, PUCYHKA ITyTEM .
. substrates using a mask
elektronlar yoki ionlar | obmyuenus (poroHamu, _
i .. and source of radiation
bilan) rasm tushirish AJICKTPOHAMH WU .
. (that could be photonic,
metodi HOHAMH ) MOIJIOKKH . ..
N N electronic, or ionic).
3aKpBITON MacKoOM.
Lipofil
Junoghunvnotii . .. T'uopogobroe .
. P - Gidrofob birikma pog see hydrophobic.
Lipophilic coeouHeHue.
. . . benkosbie
Diametri tahminan 25 . .
\ o HaHOBOJIOKHA A protein nano-fiber
nm bo’lgan uzunlgi bir . .
. . JUaMETPOM OKOJIO 25 with a diameter of
. necha mikrondan bir 9
Mikrotrubka o HM U JUTMHOU OT He- about 25 nm and length
necha millimtrgacha .
Muxporpy0douku , CKOJIBKMX MUKpPOHOB J10 | varying from several
. bo’lgan (nerv !
Microtubule . .. HECKOJIBKUX micrometers to
hujayrasining o1 .
. o1 MUJUIUMETPOB (B millimeters in axons of
aksonlarida) ogsilli
aKCOHaX HEPBHBIX nerve cells.
nanotolalar.
KJICTOK).
Eukariot hujayralarning | JIBurarenbHbIiI 6€0K
harakatlantiruvchi 3YKAPUOTHUYECKUX A motor protein found
Miozin ogsili bo’lib aktiv KJIETOK, IEpEMEIIAETCS in eukaryotic tissues
Muo3un filamentlar tarkibiga BJI0JIb aK- THHOBBIX that moves along the
Myosin kiradi. ¢buIamMeHToB (cMm. actin filaments (also see
(aktin filamentga Axmunosvlii actin filaments).
garang) dmamenm).
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Molekulyar darajadagi Havka o sKIsHI Ha The study of biology at
Molekulyar hayot haqidagi fan MOJICIZ’KJBI HOM VDOBHE the level of molecules
biologiyaMousekyasipn bo’lib, kimyo, . I/IMe}I]-IﬂIg a5 Zf;m H’ by the use of tools from
ag0n0JI0T s biokimyo, biofizika E MU 6$)ng141/1§ chemistry,
Molecular biology metodlaridan 6I/I:) Fm— biochemistry, and
foydalanadi. ) biophysics.
CuiibHOE U
Molekulalararo kuchli ;;(Zfﬁggf}?:e The strong and specific
va spetsifik nokovalent BSANMOLCHCTEIC non-covalent
Molekulvar 0’zaro munosabatlar MESK MOH.HGK A interactions between
tanishMo elcy oe bo’lib, barqgaror 06;?;@@33(; ce ’ molecules that allow
JCKRYIAPH nadmolekulyar Hl the formation of stable
y3Hapanue komplekslar hosil obpasosarue supramolecular
Molecular recognition R . . CTaOMIIBHOTO
bo’lishini taminlaydi complex (also see
HAJMOJIEKYJIIPHOTO
(nadmolekulyar KoMmTeKca (cM Supramolecular
kimyoga qarang). ) Chemistry).
Haomonexynapuas
Xumus).
Bir biridan fizikaviy va HckyccTBeHHBIE

Murakkab material

kimyoviy hususiyatlari
bilan farq qiluvchi ikki
yoki undan ko’proq
kompanentlardan
yaratilgan sun’iy
materialdir. Ularni

MaTepHabl, CO3JaHHbIC
U3 IBYX WK Ooliee
KOMIIOHEHTOB,
CYIIIECTBEHHO
pa3IMYaroIIuXcs Mo
buznIeCcCKuM 1

An engineered material
that is composed of two
or more constituent
materials with

KoMmno3utHbieMaTepu o . significantly different
. tashkil giluvchi XUMUYECKUM . .
aabl Composite . . physical or chemical
. dastlabki komponentlar | cBoiictBam. McxonHble . .
material N properties and which
bir birlari bilan KOMITOHCHTHI HE .
. remain separate and
aralashmaydilar va CMEILNBAIOTCA U o s
. ! distinct within the
kompozit materiallar CTPYKTYPHO .
e ! finished structure.
tarkibida strukturaviy | 000co0ieHBI B COCTaBe
aloxida holatda KOMITO3UTHOTO
bo’ladilar. MaTepuaia.
Kichik molekula, A small molecule that
boshqa monomerlar Heb6onpmras Mmonekyna, could be chemically
Monomer . . i
Morome bilan kimyoviy KOTOpasi, CBSA3BIBASICH C bonded to other
Monomell)‘ bog’lanib polimerlar JPYTUMU MOHOMEPaMH, monomers to form a
hosil qgiladilar. oOpasyer moyjmmMep polymer.
O0acTh XUMUH, A field of chemistry,
Nadmolekulyar Kimyoning nokovalent u3yyJaromas which is concerned,
kimyoHaamonekyasip | komplekslar- “yuqori oOpa3oBaHUe with the formation of
HasIXUMHS molekulalar” hosil HEKOBAJICHTHBIX non-covalent chemical
Supramolecular bo’lishini o’rganuvchi KOMIIJIEKCOB - complexes,
chemistry soxasi. «CBEPXMOJICKYII». supramolecules.
. ye ys. s Nanotexnologini [Ipumenenue The use of
Nano-qishlogxo’jaligi . e 1o .
qishloq xo’jaligida HaHOTEXHOJIOTHI B nanotechnology of
Hano-ceabckoe . o . .
ishlatilishi. CEJIbCKOM XO35ICTBE agriculture purposes,

X0351iICTBO
Nanoagriculture

(chorvachilik va
o’simlikshunoslikda)

(’>KMBOTHOBOJCTBE 1
pPacCTEHUEBOCTBE).

including animal and
plant applications.
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Biologiya va tibbiyot

Hayka o npumenenuu

. . muammolarini The use of
Nanobiotexnologiya. . HAHOTEXHOJOTUH JJIsI
yechishda nanotechnology for
Hano0uorexHoaorus . penieHus 3a1a4y . . .
. nanotexnologiyadan biological and medical
Nanobiotechnology a1 OMOJIOTHH ¥ MEIUIIUHBI. .
foydalaniladigan fan. applications.
Ugleroddan va boshqga TpyOuatsie A tubular structure at
Nanokanal organik va noorganik HAHOCTPYKTYPBI U3 the nano-scale could be
HaHoToVoKH materiallardan yrepoja 1 Ipyrux composed of carbon,
Py tayyorlanadigan OpPraHUYECKUX U inorganic, or organic
Nanotubes S . )
g’ovurchali HEOPTraHUYECKHUX materials (also see
nanostruktura. MaTepHUaoB. inorganic, organic).
The use of
Nanotexnologiyani Hcnonb3oBanue nanotechnology for
. kosmetikada HaHOTEXHOJIOTUH B cosmetic application
Nanokosmetika e 1 .
foydalanilishi, masalan | kocmeTuke, HanpuMmep, such as delivery of
HanokocMeTnka . . .
. liposomalarda faol JIUIIOCOMBI CITYXaT JJIs cosmetically active
Nanocosmetics . . i
birikmalar yetkazib JIOCTABKH aKTUBHBIX compounds in
berish uchun ishlatiladi. BELIECTB. liposomes or other
nano-scale carriers.
NG 2T Metrning milliondan bir | (M) MmumtronHast nonst | (Abbr nm): 1 billionth
Hauomerp qismi (10~"). wetpa (10~"w). or 10-9 meter.
Nanometer
XumMmuueckas CBSI3b,
. . , IIPU KOTOPOH HE Chemical interaction
Kimyoviy bog’, unda .
. MIPOUCXOIUT 00001I1IeCT- that do not include
elektronlarni atomlar :
: , -y . BJICHUE DJICKTPOHOB sharing of electrons
bilan to’planishi sodir
, , R atomamu. K between atoms. Non-
Nokovalent bog bo’Imaydi. Gidrofob : .
, s HEKOBAJICHTHBIM covalent interactions
HexoBaneHTHasiCBA3b bog’, vodorod bog’, .
, OTHOCUTCS include hydrogen
Non-covalent Vandervals o’zaro .
. . oOpa3oBaHUe bonds, hydrophobic
interaction munosabatlar ham . . :
, BOJIOPOJIHBIX CBSI3€EH, interaction, and van der
nokovalent bog’larga . .
.. > ruapodoOHBIC U Waals interactions (also
kiradi. (kovalent bog’ga
BaIlJIepPBaaIbCOBBI see covalent
garang) . . .
B3aHMOJICHCTBHS (CM. interactions).
Kosanenmnas ces3v).
o . . Polymers composed of
Nuklein Kkislota Nukleotidlardan tashkil | ITommepsl, cocTosiue yme . P
. .. nucleotides, either DNA
HyxienHoBbIe topgan polimer birikma: | u3 nykineoruaos (JJHK
KHCIOTBI DNK yoki RNK nm PHK) or RNA(also see DNA,
) ) nucleotide, RNA).
. . OcHOBHBIE The main constitutes of
DNK va RNKni asosi
SOSLY komnoHeHTHl JIHK u DNA and RNA, a
kompanentlari , PHK. Hykneorn chemicalcompound that
Nukleotid nukleotid azotli asos, - YK A omp
. . BKITIOYAET a30TUCTOE consists of a
HyxkJieoTuabt shakar va bir yoki ;
) OCHOBaHHeE, caxap 1 heterocyclic base, a
undan ortiq fosfat
A . OJIHY WJTH HECKOJILKO sugar, and one or more
gruxni 0’z ichiga oladi
dochaTHBIX rpymIL. phosphate groups.
O’zini Oddiy qurilish CnoHrtaHHOE A process by which
shakllantiruvchi ogsillaridan murakkab | oOpa3oBanue cnoxubix | simple building blocks
CamocOopka strukturani birdaniga CTPYKTYp M3 MPOCTHIX | interact with each other
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Self-Assembly

hosil bo’lishi.

CTPOUTENBHBIX OJIOKOB.

to form a complex of

higher complexity.
40-50 y’okl undan JUIMHHBIE TOTMMEPHBIE A Tong polymer
ko’proq Mostekybl u3 40-50u
- composed of 40-50
. aminokislotalardan Oonee . i
Ogqsil . i .. amino-acids or more.
iborat polimer zanjir. AMUHOKHUCIIOTHBIX .
beakn .. . . Largeproteins can
. Yirik ogsillar minglab octatkoB. KpymHeie .
Protein .. contain thousands of
aminokislotalardan OCJIKH COCTOAT U3 . .
. amino acids (see also
tuzilgan. TBICSY AMHUHOKHCJIOT eptide)
(peptidlarga garang) (cm. Ilenmuowi). pep )

Pastdan-tepaga
Bottom up
HpuHumn

«CHH3YBBEpX»

Oddiy bloklardan

murakkab
strukturalarning hosil
bo’lishi/
(“Tepadan pastga”
prinsipiga garang)

boshqarilgan yo’l bilan

OO6pa3oBaHue CIOKHBIX
CTPYKTYp IIyTeM
KOOPJIMHUPOBAHHOMN
cOOpKH MPOCTHIX
0J10k0B (cM. [Ipunyun
«C8epXy GHU3» ).

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

Peptid nuklein Kislota

. [Tonumepesr, A polymer similar to
BT DNK yoki RNK ga | ovmmaromze THK | DNA or RNA but
HYKJIEHHOBBIEKHCJIOT o’xshash polimer, S
. u PHK, no differing in the
bpI(PNA) ammo peptidli karkazda .
) g ) . N «CcOOpaHHBIE» Ha presence of an amide
Peptide nucleic acid yig’ilgan™. HEITHHOM KADKACE backbone
(PNA) il pKace. .
Peptid Ikki yoki undan ortiq KopoTtkue monumepsl Short polymers
.. . composed of two or
IHenTuan! aminokislotadan tashkil U3 ABYyX U 6oicc . .
. ) : more amino-acids (also
Peptid topgan gisqa polimer. | MOJIE€KyJ] aMUHOKHUCIOT .
. see protein).
(ogsillarga qarang) (cm. benku).
L0 Konsentratsiyasi 10° 12 A concentration of 10-
IMukomoJib 12 10 "~ mous.
. molyar 12 Molar
Picomolar
Peptid b?g lar orqali [Tonumep, B KoTOpOM A polymer that contains
bog’langan MOHOMEPHI CBSI3aHbI .
. monomers joined by
monomerlar. Poliamid MENTHIHLIMU ) :
.. . . peptide (amide) bonds.
tabily oqgsil va peptidni | (aMHIHBIMM) CBA3SIMHU. Sy
i \. Polyamide includes the
. shuningdek, sun’iy Bxrouarot nmpupoiabie .
Poliamid . natural protein and
materiallar neylon, O€JIKU U .
Honuamun . peptide but also the
. Kevlar va peptid HUCKYCCTBEHHBIC gy
Polyamide -y . artificial Nylon,
nuklein kislotani 0’z Marepuasbl, TAKHE Kak .
L } . . Kevlar®, and peptide
ichiga oladi. (ogsillar, | xeBnap, HelsioH 1 PNA ..
. nucleic acids (also see
peptidlar, kevlarga (cm. benku. I[lenmuowl, . .
qarang) Keerap) protein, peptide,
P Kevlar).
Klrgzoyllgilg?l‘;l 2;11ent Kpynnas monexyna u3 A large molecule
£ , HOBTOPSIOLIUXCSA consisting of repeating
. bog’langan i
Polimer . eauHuI] (MOHOMEPOB), structural units, or
monomerlarni
IMosmmep .. CBSI3aHHBIX monomers, connected
takrorlanuvchi yirik .
Polymer . KOBaJICHTHBIMU by covalent chemical
molekulasi.
, CBSI3SMH (CM. bonds (see also
( kovalent bog’ga
Kosanenmnas ces uo. covalent bond).
qarang)
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[Tonumep U3 MoOJIEKyI

A polymers composed

. . Monosaxaridlarni .
Polisaxarid o o . MOHOCaXapHu/Io0B, of monosaccharides
glikozid bog’lari orqali .
HMonucaxapun , . COEIUHEHHBIX joined
. bog’langan polimer o
Polysaccharide birikma [JIMKO3UTHBIMHU together by glycosidic
' CBSI3SIMU links
HanmonekynsipHas
Umumiv o’q atrofida CTPYKTYpa U3 JBYX A supramolecular
o'ralean rslllosqs trukturali criupa’eii ¢ structure composed of
el gikki soiralli COTJIaCOBAaHHOMU two congruent helices
v J P CTPYKTYPOH, with the same axis,
JBoiiHas cnupaiab nadmolekulyar KD VICHHLIX BOK differine by a
Doublehelix struktura. Qo’shspiral — Py <Pyt -ring by
DNKmolekulasinineo’ z obmeit ocu. J[BoriHas translation along the
i ne cnupaisb - xapakrepHas | axis. DNA has a double
igaxosstrukturasidir. .
CTPYKTypa MOJIEKYJI helix structure.
JIHK.
Metastazlar hosil ['pynmna 3a0osieBaHui, A (ziliassosrgir?:ﬁz?f?: or
bo’lishi bilan va XapaKTEePU3YIOLIUXCS :
I;:ll: hujayralarning tartibsiz OECKOHTPOIBHBIM iﬁ:ﬁiﬁgggﬁ%gg
Cancer bo’linishi orqali hosil JIeJIEHUEM KJIETOK U division of cells and
bo’ladigan kasalliklar o0Opa3oBaHuEM formation of
guruhi. METacTa30B.
metastases.
Ribosoma Ogsil sinteziga Kiierounas opranemna, An organelle in cells
Pubocoma javobgar bo’lgan RNK | cocrosimast w3 PHK u | composed of RNA and
Ribosome va ogsildan iborat OenkoB; obecrieunBaer | proteins that allows the
hujayra organellasi cuHTe3 OenKa. synthesis of proteins.
(PubonyxnenHoBas . .
(Ribonuklein KHCJIOTA) nlzggil(l:u:iic ?)Cllcinl:r
kislota)monomer [Tonumep u3 consistine of r?uclsf/: otide
nukleotidlardan tashkil MOHOMEPOB monomgrs MRNA is
RNK topgan polimer, HyKJIeoTuA0B. MHDOp- transcribea from the
PHK informatsion RNK ogsil mammonHas PHK DNA to serve as the
RNA sintizi uchun DNKdan IIEPEHOCUT code for the svnthesis
axborot tashiydi, nnpopmarnuto ot JJTHK of proteins R}II\I A can
bundan tashqari RNK JUTSL CHHTE3a OeKa, P )

struktura va signal
funksiyasini bajaradi.

PHK Tax:>xe BBIIOJIHSIET

CTPYKTYPHYIO H
CUTHAJIBHYIO (QYHKITHH.

also serve as a
structural and
regulatory component.

Suv texnologiyasi

Ogqava va turib qolgan

TexXHOJIOrNN OYNCTKU

Technology that is
associated with the

BoanbieTexHo10run .. .
tabiiy suvlarni tozalash | cTounbix u onpecHenus | treatment of water such
Water Technology or . o
texnologiyasi MPUPOAHBIX BOI. as desalination and
WaTech
sewage treatment.
Bir molekula tarkibida . A polymer formed by
. o . . [Tonumep, cocTosiuuii .
Sopolimer ikki yoki undan ortiq two or more different
. U3 IBYX U 00JIee TUTIOB
Conognmep monomer turlarini . types of monomer that
. MOHOMEPOB B OJIHOI . .
Copolymer saglagan polimer. are linked in the same
MOJIEKYIIE. .
chain.
S qavat Bakteriya va arxeylar Crpykrypa, A cell membrane
S-layer Xxujayra membranasi acCOIIMUpPOBaHHAs C structure composed of
S-caoii bilan assotsiyalangan | kierouHoil MmemOpaHOi protein and
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ogsillar va OakTepuii u apxeH, glycoprotein that is
glikoproteinlardan xosil | o6pa3zoBannas 6enkamu | found in bacteria and
bo’lgan struktura. Y TJIMKOMPOTEUHAMMU. archaea.
g P
Murakkab
s.1s.temglarm.ng . Munnariopusais A process that is based
miniaturizatsiyasi CIIOXKHBIX CUCTEM .. ..
Tepadan-pastga e on the miniaturization
Top-down bo’lib komponent fLyTEM yMCHDIICHIA of complexsystem b
TTE T — o’Ichamlarini pa3mMepoB Ux sizin Ii dow)r/1 of its y
P kamayishidir (* KOMIIOHEHTOB (CM. &
«CBEPXYBHH3» . components (also see
pastdan — tepaga Ipunyun «cru3zy
i i bottom up).
jarayoniga qarang) 86epx»).
To’dima To’qimalar KoHctpynpoBanue The ability to engineer
inlenerli ifll“RaHeBasm yig’indisidan tashkil | Guonormueckux cucrem | biological systems at
H)K%He st topgan biologik Ha TKAaHEBOM YPOBHE the level of a tissue
Tissue en 1111 cerin sistemalarning OpraHu3auu rather than cellular or
g g shakllanishi sub-cellular
Eng mayda parazit . Menpyaitimii napasur, | A parasite composed of
organizm, DNK yoki
Virus RNK molekulalaridan coctouT u3 mojiekyn | DNA or RNA molecule
Bupve tashkil tobean odsil JHK nnu PHK B that wrappedin a
Py L topgan 0gs OCIIKOBOM MITH protein capsid or lipid
Virus yoki lipidli qobiq bilan .
o’ralgan. (bakteriofagea JUMUATHON 000I0UKe envelope (also see
’ (cm. bakmepuoghae). bacteriophage).
qarang)
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