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TemMma 3aHATUSA

3aHsATME NMOCBSLWEHO N3YYEHMIO TOr0, KakK NnoLwaab NOBEPXHOCTU KPUCTANIoB 1 nx dopma
3aBUCAT OT pa3Mepa 3epHa. Yyalwmecs rno3HaKoOMATCS C NOHATUEM «Mnowanb NOBEPXHOCTU»
W C HAHOCTPYKTYpaMKn caxapa, a 3aTeM B rpynnax nNpucTynaT K NpakKTUYECKOn YacTu.

O630p 3aHATHNA

Ha 3aHaTum «BblpawmBaHue KpMCTanIoB caxapa» ydawmecs
Y3HalOT 0 TOM, KaK HaHOCTPYKTYpbl BAUAIOT Ha naowaab
NOBEPXHOCTN 3€pHa M KakK MOXHO MOJTy4YUTb pas/inyHble
KpucTaanbl 6e3 BMeLWaTeNbCTBA B MONEKY/ISIPHYIO CTPYKTYPY.
Yyawmecs B rpynnax uccneayoT naowaZb NOBEPXHOCTM 3epHa
N MONEKYNSPHYIO CTPYKTYPY KPUCTaNIOB caxapa B pa3HbIX
COCTOSIHUSAX.

Bo3pacTHOM ypoBeHb
8—14 ner.

3apaumu

Mony4nTb 3HAaHUS O HAHOCTPYKTYypax.

Mony4nTb 3HaHUS O KpUcTannax.

Mony4nTb 3HaHUA O NAOWAAN NOBEPXHOCTMW.

Y3HaTb 0 NpUHUMMAxX KONIEKTUBHOMN paboTbl U paboThl
B rpynnax.

++++

NMpeanonaraemMblie pe3yabTaThbl A4S yYawmuxcs 'w
B pe3ynbTaTe Takoi paboTbl yyalimecs AO/KHbI NONYyUYnTb 6a3oBble
3HaHWUSA Mo cneaywmMm TeEMaM:

4+ HaHOCTPYKTYpbI;
4+ nsowanb NOBEPXHOCTU;

T 7§
+ peweHune npobnem; oy '
+ pa6oTa B kKOMaHze. Q
Pa6oTa B paMKaXx 3aHATUSA
Yyaumecs y3HaloT, Kak naowaab NOBEPXHOCTN MOXET MEHSTLCS
Ha HaHoypoBHe. IPynMbl YYaLMXCA UCCNeAYIOT BUAbl caxapa C Pa3fMyHbIM pa3MepoM 3epHa.
OHU NPOrHO3UPYIOT, KaK KPUCTansbl, BblpalEHHbIE U3 pa3HbiX pacTBOPOB, ByAyT pa3nnuaThcs

Ha MOJIEKYNAPHOM YPOBHE B 3aBMCMMOCTM OT pa3Mepa 3epHa UCXOAHOro MaTepuana. Yuawuecs
[enatoT NPOrHo3bl, MPOBOAAT 3KCMNEPUMEHT N 06CYXAAT UTOMN C KNAaCCOM.
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Pecypcbi/MaTepuanbl

4+ [loKyMeHTbl U pecypcCbl B MOMOLb NpenogaBaTesto
(npunaratoTcs).

4+ Jlnctel gnsa paboTbl yyawmxcs (npunararTcs).

4+ [lepeyeHb pecypcoB ANs yyalwmxcsa (npunaraetcs).

CooTBeTCTBME Kypca yye6bHOW nporpaMmme
CM. npunaraemblit INCT O COOTBETCTBMU Kypca yyebHoM
nporpamme.

+ Beb6-cant «Monpobyit HaHOTEXHONOrNK»
(www.trynano.org).

+ Beb-canTt «HauuoHanbHasa nHnymatuea CLLUA B obnacTtu

+

HaHOTeXHOAOrMn» (WWw.nano.gov).
CraHaapTbl TEXHONOMMYECKON rPaMoOTHOCTHU
MexayHapoAHOM accounaunm npenogasaHus
TEXHONIOMMYECKMX ANCUMMIVH: MaTepuasibl MO U3YYEHUIO
TexHonormm (www.iteaconnect.org/TAA).

4+ HaumoHanbHble cTaHaapTbl CLUA B OTHOWEHMM NpenogaBaHnsa HayYHbIX ANCUUMAINH
(www.nsta.org/standards).

4+ [puHUMNBI U CTaHAAPTbI WKOMBLHOMO NpenogaBaHns MaTeMaTUYeCKMX ANCUUMINH
(http://standards.nctm.org).

MHTepHeT-pecypChbl |
+ Beb-cant «lMonpobyn cebs nHxeHepom» ’ i
(www.tryengineering.org). 5

PekoMeHayeMasa nurtepaTtypa

4+ The Science of Sugar Confectionery (ISBN: 0854045937).
4+ Understanding Nanotechnology (ISBN: 0446679569).

dakynbTaTUMBHOE COCTaBJieHMe 3cce

4+ Hanuwwute acce unu oanH ab3sal 0 TOM, Kakoe 3HayeHue MMeeT Naowanb NOBEPXHOCTU
3epeH caxapa pasfIMyHbIX BUAOB AN NeKapsl, KOTOPbI XOUYeT NpUroToBUTh rlasypb Ans
NMOHUYMKOB. YTO eMy crneayeT Bbl6paTb: caxapHblii NECOK MW caxapHyto nyapy? MNMoyemy?
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MaTtepuanbl noarotossieHbl MMDUN3 B pamkax npoekTta «lMonpobyi ceba nHxeHepom»
www.tryengineering.org



BbipalwiMmBaHue KpUcTtannos
caxapa

Ana npenopgaBaTenemn:
COOTBEeTCTBME Kypca yyebHOM nporpamMmmMme

O6paTtnTe BHMMaHMe: BCE NJaHbl 3aHATUIN AaHHOro 6710Ka CoCcTaB/ieHbl B COOTBETCTBUM

¢ HaumoHanbHbIMK cTaHaapTamMm CLUA B OTHOLIEHUM NpenoAaBaHnsa Hay4YHbIX ANCUUMINNH
(U.S. National Science Education Standards), koTopble pa3pabaTbiBatloTcs HaumoHanbHbIM
nccneposatenbckuM cosetoM (National Research Council) v yTBepxaatoTca HaumoHanbHoOM
accounaumnen npenogasaTtenen HayudHbix ancumniamH (National Science Teachers Association),
a TakXe, eCnn NpUMEeHNMO, B COOTBETCTBUM cO CTaHAapTaMn TEXHOOMMYECKON rPaMOTHOCTM
MexayHapoaHoM accoumnaumm npenogaBaHmsa TexXHonornyecknx ancunnaunn (International
Technology Education Association's Standards for Technological Literacy) n MNMpuHunnamm n
CTaHAapTaMy WKOMbHOro npenogaBaHuUs MaTeMaTUYeCKMX AUCUMNAMH HaunmoHanbHOro coeeTa
npenogasaTtenen matematukm (National Council of Teachers of Mathematics' Principals and
Standards for School Mathematics).

¢ HauuoHasnbHblie ctaHgapTbl CLUA B OTHOLWEHUM NpenogaBaHUs HayUYHbIX
AncumniunH, ctyneHb K-4 (Bospact 4—9 ner)

COAEPXAHME. YPOBEHb A: Hayka Kak npoLecc nosHaHus

B pe3synbtaTe paboThl B paMKax 3TOrMO YPOBHSA y4alimecs AOSKHbI:
+ pasBuUTb CrOCoBHOCTM, HeEOBX0AMMbIE ANS HAYUYHOr0 NO3HaHUS;
4+ NOHATb, B YEM 3aKJ/IH0YAETCS MPOLECC HAay4YHOro No3HaHUS.

COAEP>XXAHME. YPOBEHb B: ¢pusuka
B pesynbtate paboTbl B paMKax 3TOro YpOBHS y4Yalunecs AOHKHbI NOAyyUnTb 6a3oBble
3HaHMS NO TaKMM TeEMaM, Kak:

4+ cBouncTBa 06bEKTOB M MaTepuasos.

COAEP)XAHME. YPOBEHbD E: Hayka 1 TeXHONOrus
B pe3synbtaTe paboThl B paMKax 3TOrMO YPOBHSA y4alimecs AOSXKHbI:
4+ pasBUTb HaBbIKM BbINOSIHEHUS TEXHOIOMMYECKNX pa3paboTok.

COAEPXAHMUE. YPOBEHbDb G: ucropus Haykv m ee npupopaa
B pesynbtaTe paboThl B paMKax 3TOr0 YPOBHSA y4allmMecs A0MKHbI NOAy4YnTb 6a3oBble
3HaHMA N0 TaKMM TeMaM, KakK:

+ Hayka Kak yenoseyeckoe nsobpeteHue.

¢ HauunoHasnbHble ctaHgapTbl CLUA B OTHOLWEHUM NpenogaBaHUs HayUYHbIX
ANCUMIJINH, KJaccbl 5—8 (Bo3pact 10—14 ner)

COAOEP)XAHME. YPOBEHb A: Hayka kKak npouecc Nno3HaHuUs
B pe3ynbTtaTe paboTbl B paMKax 3TOro YPOBHS y4YallMeCs AOJIKHbI:
4+ pa3BuUTb CNOCOBHOCTU, HEO6XOANMbIE ANS HAYYHOro NMO3HAHUS;
4+ NOHATb, B YEM 3aK/IHOYAETCA HAaYYHOE NMO3HAHME B KOHKPETHOM Ciy4ae.

COAEP)XXAHME. YPOBEHb B: chusuka
B pe3synbTtaTe paboThl B paMKax 3TOrF0 YPOBHS y4allMecs A0NXKHbI NoayUYnTb 6a30Bble
3HaHMA NO TAaKUM TEMAM, KakK:

+ cCBOWCTBa BewecTtBa U X USMEHEHME.

COAEPXAHME. YPOBEHD E: Hayka u TexHonorumsa

B pe3ynbtate yuyebHbIX MepOnpuUATUN YPOBHSA 5—8-X K/1accoB yyalmecs A0SIKHbI:
4+ pasBUTb HaBbIKM BbIMNOSIHEHUS TEXHONOMMYECKNX pa3paboTok;
4+ BblpaboTaTb NOHMMaHME BOMPOCOB, KACAOLWNXCS HAYKN U TEXHOJIOTUNA.
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MaTtepuanbl noarotossieHbl MMDUN3 B pamkax npoekTta «lMonpobyi ceba nHxeHepom»
www.tryengineering.org



Ona npenopgaBaTenemn:
COOTBEeTCTBMUE Kypca yuebHon nporpamMmmMme (npopaosxeHue)

‘ anHLl,VIan N CTaHAAPTbI WWKOJZIbHOrNo npenofgaBaHnAa MaTeéMaTU4YeCKUX ANCunnjimH
(Bo3pact 6—18 ner)
CtaHpapTbl U3MepeHun

4+ ToHMMaHKWe noanexawmx U3MepeHnto XxapakTepucTuk 06beKTOB, a Takxe
eAVHWL, CUCTEM U NpoLeaypbl U3MEPEHUS.

4+ T[puMMeHeHne COOTBETCTBYIOWMX TEXHUKU, NHCTPYMEHTOB 1 hopMyn And
U3MepEeHUni.

B3anMocBs3b

+ YMeHue BMAETb U NMPUMEHATb MaTeEMaTN4eCKnNe 3aKOHOMEPHOCTU 3a NpeaeiaMm
HenocpeaCTBEHHO MaTEMAaTUYECKOIro KOHTEKCTa.

¢ CtaHAapTbl TEXHOIOMMYECKOM rpaMOTHOCTU: Nto6oi Bo3pacT

Mpupoaa TexHosorum

4+ YpoBeHb 1: yyauwmecs nony4datoT 6a30Bble 3HAHUS O XapaKTepUCTUKax U obbeme
NPUMEHEHNS TEXHOMOMUN.

TexHonorus n ob6wecrso

4+ YpoBeHb 6: yyawmecs nony4datoT 6a3oBble 3HaHNA O ponn obwecTBa B pa3paboTke
N NCNOMb30BaHUN TEXHOMNOMMN.
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BoipawmBaHue Kpuctannos
caxapa
Pecypcbl ana npenopgaBaTenen O

¢ CMbIcn 3aHATUA

3aHATHE NOCBSALWEHO M3YYEHUIO TOro, Kak naoLaab NOBEPXHOCTU KPUCTANIOB U ux dopMa
3aBUCAT OT pa3Mepa 3epHa. Yyallmecs 3HaKOMSATCS C MOHATUEM «NJolaAb NOBEPXHOCTU»
N C HAHOCTPYKTypaMm caxapa, a 3aTeM B rpynnax BbIMOSHSKOT NpaKTU4yeckmne 3agaHus

(B YACTHOCTWN, BblpaLLMBaOT CaXxapHble KPUCTansbl U3 pa3HbIX BUAOB caxapa).

¢ Llenn 3aHATHA

MoNy4ynTb 3HAHUA O HAHOCTPYKTYypax.

Mony4ynTb 3HAHUSA O KpUCTannax.

Nosly4YnTb 3HaHUS O MoLWaAM NOBEPXHOCTU.

Mony4ynTb 3HAHUA O NPUHLKUNAX KOJINIEKTUBHOW paboTbl N paboTbl
B rpynnax.

++++

¢ Martepuanbli
MepeyeHb pecypcoB AnS y4yaluuxcs.
4+ JlnucTbl ang paboTbl yyawmxcs.
+ Mukpockon nnam snaeoMmkpockon ans paboTtbl B Kiacce.
+ 3apaHue no pacTtBopeHuto. KoMniekT MmatepnanoB AN Kaxkaomn
rpynnbl y4almnxcs:
0 2 YUCTble YallKU U3 TEPMOCTOMKOIO CTeKkna U 2 MepHbIX
CTakaHa 06beMOM He MeHee nnTpa (MX MOXHO Takxe
MCMoJsib30BaTb B 3a4aHUMN MO KpUcTanausaumm), Tennas
BoAa, 1 yaiiHas Nno)kKa caxapHoro rnecka, 1 yanHas noxka
caxapHomn nyapsbl.
4+ 3agaHue no Kpuctannusaumu. KoMniaekT MaTepuanos Ans
KaXkaoW rpynnbl yYyawmxcs:
0 2 YMCTble YallKN N3 TEPMOCTOMKOIO CTEK1Ia N 2 MepHbIX CTakaHa 06beMOM
He MeHee NUTpa; 2 TOHKUX BaTHbIX XryTa, A/IMHA KOTOPbIX COCTaBNSET
1,5 BbICOTbI YallKK; 2 KapaHhalla uam nasaouku; rpys Ans nogselimBaHus
Ha XryTe (ranka, BmHT); 750 Mn caxapHoro necka; 750 Mn caxapHoi nyapsbl;
500 mn ropsiueit Boabl (ee AOMMKEH pa3ninMBaTb NMpenogaBaTenb).

¢ PaboTa

1. MpepocTaBbTe y4yallMMcs BCMOMOraTenbHy nntepaTtypy. Ee MoXxHO npounTaTh B Kacce
WUNKN AaTb 3apaHee B KayecTBe AOMAaLUHero 3ajaHus.

2. 3ajaHune No pacTBOpPEHUID
A. Yyalimecs HanMBalT B CTEK/ISIHHbIE Yawku no 250 Ma Tennoi BoAbl.
Bb. 3aTteM oHM A06aBNSAOT B OAHY M3 HUX YalHYH JIOXKY CaxapHOW nyapbl, a B APYryto —
YalHY0 JIOXKY CaxapHOro recka.
B. lMocne HabnogeHnsa 3a pacTBOPEHNEM OHM OTBEYAKOT Ha BOMPOCHI O TOM, Kak njaowaab
NMOBEPXHOCTU 3€pHa BNMSIET HA CKOPOCTb NpoLlecca.
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BbipalwiMmBaHue KpUcTtannos
caxapa

Pecypcbl Aana npenopgaBaTtesien (npoposixeHue)

¢ Mpoueanypa (npoaonkeHue)
3. 3ajaHue no Kpuctannamsaumm

A.
b.

r.
A.
E.

Mpenogasatenb HaaMBaeT B Yawky no 250 Mn ropsiden Boabl.

Yuauwmecs nobasnsoT B 04HY M3 HUX 750 Mn caxapHoro necka, a B gpyryto — 750 mMn
CcaxapHOM nyapbl U pa3MeLLMBaloT, NoKa caxap He pactBopuTcs (Noka BoAa He CTaHeT
npo3payHoin). NpmuMeyaHme. MOXXHO BCKUNATUTbL BOAY, 4TOObI caxap nydlie
pacTBopscsa. 3TO AO/HKEH AenaTb B3poc/biv (NpenoagaBaTtenb).

B KaxabIln CTakaH onycTuTe Mo XryTy. [ns 3TOro NpmMBS)XMTE OANH KOHEL, XryTa

K KapaHpalwy, a BTOpOW MorpysnTte BepTUKaSIbHO B CaxapHbli pacTtBop. s 3Toro
K HEMY MOXXHO MPUKPENnnUTb ranmkKy Manm BUHT. XKryTbl MOXHO NOArOTOBUTL 3apaHee:
OKYHWUTE UX B CaxapHbIA pacTBOp M AanTe BbICOXHYTb. B 3TOM cnyyae Ha HUX yxe
6yaAyT KpuUCTansbl caxapa, YTO YCKOPUT KpUCTaNAn3aumo nocae norpyxeHums

B CaxapHbIN pacTBOp, TaK KakK nMmerLwmnecs Kkpmucrtaaibl 6yayT nomMoraTb
¢dhopMnpoBaTLCHA HOBLIM.

HabnioganTte 3a YallkaMun YeTblpe — CeEMb AHEN.

3anucbiBanTe HabnwaeHWs NO Mepe pocTa KpUCTaanos.

NccnepynTe Kaxabld U3 NONYYEHHbIX KPUCTaNI0B Nog MMKPOCKOMNOM M 3anuwunTe
HabnoageHnsa B Tabnuuy.

4. Ha 3Tane oueHKM y4yalunecs 3anosHSAT INCTbl AN paboThl.

¢ Heob6xoanmoe Bpems
ABa-Tpun 3aHATMSA Mo 45 MUHYT (HE06X0AMMO NPOBECTM X B TEYEHUE CEMU AHEN).

¢ PexoMmeHgauuun

Mcnonb3ynTe He NPOCTO ropsyyto, a Kunawyw soay. B uensax 6esonacHoCcTu Bce
npoueaypbl AOKHbI BbIMOAHATLCS MOA NPUCMOTPOM B3POC/Oro.

Ecnu y Bac HeT MMKpocKona, ncnosnb3yite ntoboi coBpeMeHHbI BUAEOCKOon,
NOAKJ/TIOYEHHbIN K MOHUTOPY KoMMnbtoTepa. MNpuMepoM MOXKET CNYXUTb 31EeKTPOHHbIN
Mukpockon Eye Clops (25—45 gonnapos CLWA) nnm umdposoi Mmukpockon Carson zPix
(79 mponnapos CLUA).
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BblpaLI.IVIBaHVIe KpunctannosB
caxapa
OAnsa yyawumxcs O

YTo Takoe HaHoOTexHonormun?

MpeacTtaBbTe, YTO Bbl MOXeTe HabnwaaTb, Kak KpacHoe
KpPOBSIHOE TeNbLe ABUXETCA NO BEHE. A KaKOBO 6b110 6bl
YBUAETb, KaK aTOMbl HAaTpUS M xJlopa NpubnunxxawTcs apyr
K Apyry, obMeHuMBaKOTCA 21eKTpoHaMu u hGopMUpYOT
Kpuctannuk conn? Nnu HabnoaaTtb, Kak BUGpUpyIoT
MOJIEKY/bl B BAHHOYKE C BOAOW NpW MOBbILLIEHUN
TeMmnepaTypbl? bnarogapsa mmkpockonam, KoTopble
COBEpPLUEHCTBOBANIUCL B NOCNeAHMe AeCATUneTus, cerogHs
Mbl MOXEM YBMAETb M 3TO. Bo3MOXHOCTb HabnogaTb 3a
MaTepuanaMmn, U3MepsTb UX U AaxKe BHOCUTb B HUX
U3MEHEeHUs Ha MONEKYNAPHOM UM aTOMHOM YpOBHe
Ha3blBaeTCA HAHOTEXHONOMMEN, AN HAHOHAYKOW.
MpucTaBka «HaHO» O3HaYaeT OAHY MWIMAPAHYHO 4acTb.
YyeHble U MHXEeHEepbl MPUMEHSIIOT ee ANns o603HaveHus
KpavHe ManblX BE/IMYMNH, B TOM YMC/ie eANHUL, OJINHbI
(HaHOMeTp), BpeMeHn (HaHocekyHAaa), obbema (HaHONUTP)
n Maccel (HaHorpamMm). Yalle Bcero ata npucraeka

NCMNOJIb3YETCSA UMEHHO MPU U3MEPEHUN ANINHBI, Hanbonee MNoLLEaE NOBEPXHOCTH YETHIPEX
pacrnpocTpaHeHHas eaMHULA Cpean HasBaHHbIX —

HaHoMeTp (HM). [lnamMeTp aToMa MeHee 1 HM, a 4TOoObI FPEMM YTOMbHLIX HaHOTPYGOK
NoJlyunTb LEMNoYKy AIMHON 1 HM, HEO6XOANUMO BbICTPOUTb paBHa nnolaawn gyThonsHoM NonA
10 aToMoB BoAOpOAa. ATOMbI APYTMX 3N1EMEHTOB KpynHee

aTOMOB BOAOPOAA, HO U UX AMAaMETp MeHee HaHoMeTpa.

OnameTp atoMa TUNMYHOIO BUpYyCa cocTtaBnseT okono 100 HM, a aAnvHa 6aktepmn — OKOAO

1000 HM. bnarogaps TakKMM yCTPOMCTBaAM, KaK aTOMHO-CU/TI0Bbi€ MUKPOCKOMbI U pacTPOBbIE
3N1EKTPOHHbIE MUKPOCKOMbI, CErOAHSA Mbl MOXEM pacCMaTpMBaTb HAHOMUP, paHee CKPbITbIA OT
rnas 4yenoseka.

¢ PacTtpoBbi¥ 31€KTPOHHbIA MUKPOCKON

PacTpoBbIit 5N1EKTPOHHbIN MUKPOCKOMN — 3TO 0CO6bIA TUN
3NEKTPOHHOrO0 MMKPOCKONA, NO3BOMSOLWNIA NONYYUTb
n3obpaxeHne NoBepXHOCTU NyTEM ee pacTPOBOro
CKaHMpOBaHMSA CPOKYCUPOBAHHbBIM SNIEKTPOHHBIM MYy4YKOM.
Mpw pacTpoBOM CKaHMpPOBaHUK n3obpaxeHne paspesaeTcs
Ha nocnepoBaTenbHble (06bIYHO FOPM3OHTAIbHbLIE)

NOJSI0Cbl, Ha3blBaeMble CTPOKaMN CKaHMPOBaAHMUS.
DNeKTPOHbl B3aMMOAENCTBYIOT C aToOMaMn, GOPMUPYIOLLNMUN
obpaseu, U reHepupyoT CUrHanbl, cogepXXalime gaHHble

0 popMe, coCTaBe M Aaxe 3/1eKTPUYeCcKon NpoBoAMMOCTHU
NOBEPXHOCTU. Ha CHMMKe cnpaBa rnokasaHa Mbiabua
pa3/INYHbIX pacTeHui, yBennyeHHas B 500 pas3. TOT CHUMOK 6bl1 NONYyYEH C MOMOLLbIO
pacTpOBOro 3/1eKTPOHHOIo MMKpockona B nabopatopum JapTMyTCKOro Konneaxa
(www.dartmouth.edu/~emlab/gallery).
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BoipalwMmBaHue KpUcCTansos
caxapa

OAnsa yyawumxcs
Cdhepbl NpPUMEeHEHNUA HAHOTEXHONOrmm

MaTepuasnbl C pa3nnMyHbiMU GUINYECKUMN CBONCTBAMU, MOSTYUYEHHBIMU B pe3ysibTaTe U3MEHEHUN
Ha HAaHOYPOBHE, NO3BOJISIOT U3roTaBIMBaATb HOBblE U3AeNUs. MHOTME U3 HUX ele UCCeayTcs,
O0AHAKO HEKOTOPbIE YXe HaLLIM KOMMepUYeckoe NpuMeHeHe.

Hanpumep, no6aBneHne HaHOYaCTUL, NO3BOIUIO M306PECTU TKAHU, YCTOMUYMBBIE K 3arpsSI3HEHUSIM.,
MponsBoaMTeNnn aBToMob6MIElN NOBLILWAKT NPOYHOCTL 6aMNEPOB C NOMOLLbIO HAHOKPUCTASSIOB.
MN3MeHeHWe ONTUYECKMX CBOMCTB CYCMNeH3UN (3a CYET U3MEHEHUS pa3Mepa U HOpMbl KONTOUAHbBIX
YyacTuy, B pacTBOpE) MO3BOMU/IO CO3AaTb LIBETOBblE (PUIbTPbI U LBETHbIE NaMnbl. Mpu
NPON3BOACTBE TaKUX U3AENUIA, KaK BENOCUMNEAHbIE paMbl U TEHHUCHbIE PAKETKKN, CTanu
MCNOJSIb30BaTbCS YroSibHble HAHOTPYOKM, MNO3BOSAOLWME MOBbLICUTL MPOYHOCTb U YMEHbLUUTL BEC.

¢ NMpuMmeHeHue B 6uomeamumnHe

OxxnpgaeTcsi, UTO HAHOTEXHONOMMKM CbIrPAtOT BaXKHYKO pPOJib

B MOBbILWEHMNN KayeCTBa MeaULMHCKOro obcnyxmnesanumsa 6narogaps
AnarHocTtuke 3aboneBaHn Ha paHHUX CTaausax, paspaboTke 6onee
COBEPLUEHHbIX NEKAPCTB N UMMNNAHTATOB, Pa3BUTUIO aApeCHOM
Tepanun U T. 4. NS paHHero pacno3HaBaHuUs psiaa CMepTebHbIX
3aboneBaHunii paspabaTbiBatoTCca 6MoaaTYMKKM M3 HAHOMaATEpPUanos,
NpW U3roTOBIEHNM KOTOPbIX MCNOJb3YHTCS MHHOBALMOHHbIE
MEeToAbl MPON3BOACTBA YCTPONCTB M 06paboTKn curHanos. B aTmx
AAaTUYMKaAX NPUMEHSAIOTCS YrosibHble TPYOKU MM KpEMHUEBLIE
HaHOMNPOBOAA, YAEPXMBAKOLLNE 30HANPYIOLLYIO MONEKYY, KOTOpas
MWET B OpraHn3Me npmsHaku onpeaeneHHoro 3aboneBaHus.
OxxnpgaeTtcsi, UTO MaccoBoe NMpoM3BOACTBO HaHobmMogaTumkos byaet
BO3MOXHO 6n1arogaps 3aMMCTBOBAHMIO TEXHONOMMIA 13 06nactu
N3roTOBJIEHNSI KOMMbIOTEPHbIX YMMOB. Tak)Ke HAaHOTEXHONOIMUAM
OTBOAMUTCS BaxHas posib B Tepanmn. OXunaaeTcs, YTO OHU BHeCyT
3Ha4YUTENbHbIN BK/aA B COBEPLUEHCTBOBAHNE CUHTETUYECKUX
MeANKaMEHTOB M aJpecHol Tepannu. B 4yacTHOCTM, KaHAMAATaMU Ha AOCTaBKY MEANKaMEHTOB
CUYMTAKOTCSA MOJIeKy/ibl CEMENCTBa AeHAPMMepOoB (KackagHble MOAeKy/ibl). DTU KPYMHble
nosvMepbl UMeT OPMY MeLloYKa, B KOTOPbIM MOXHO NMOMECTUTb MEANKaMEHT, YTobbl
MoJieKyla A4OCTaBu/a ero K Hy>XHOMY OpraHy.

¢ NpMmeHeHne B TPAHCNOPTHOM chepe
HaHoTexHonormm mMoryT 6biTb O4E€Hb NONE3Hbl U B
TPaHCNOPTHOM cdepe: KOMMNO3ULMOHHbIE MaTepualbl
(KOMMO3M1Tbl) C YMEHbLUEHHbIM BECOM M MOBbILLEHHOM
NPOYHOCTbIO MOTYT MPUMEHATBHCSA B CaMO1eTO- U
aBTOMOb6unectpoeHnun. OHM co3patoTca U3 AByx unmn 6onee
MaTepuasoB CO 3HAYNTENbHO pasnMyalLWmMMNCcs
HOU3NYECKNMN UNIN XUMUYECKMMU CBONCTBAMU. ITa
Pa3HOCTb COXPAHSAETCS U B OKOHYATENbHOM CTPYKTYpe.
HaHOKOMMO3UTbI /lerye 1 NpoyHee Apyrmx LWNMPOKO
NCNONb3yeMbIX KOMMO3UTOB.
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BbipawmMBaHue Kpuctanjaos
caxapa

MaTtepuanb ANA ydYyawmxcs
YUTo Takoe nnouwagb MNMOBEPXHOCTHU?

Mnowaab NOBEPXHOCTU — 3TO pa3Mep BHeLWHen 060/104KN 06beKTa; OHa M3MepseTcs

B KBaApaTHbIX eaAnHuuax. Ecnn y obbekTa nnockue rpaHn, ero naowasb NoBEPXHOCTU MOXHO
paccumMTaTb, CI0XMB MJoWaan Bcex rpaHei. [axe obbekTbl 6€3 yrnos, Takme Kak cdepa,
UMEIT Naowaab NOBEPXHOCTMW.

¢ ®opmMynbl NoWaAnN NOBEPXHOCTU KBagpaTHbIX puryp
Mnowaab NOBEPXHOCTN Kyba MOXHO paccumTaTb No cneaytouwen gopmyne:
X = 6Y? (npou3seaeHune 6 n Y?).

v Ha pucyHke cneBa nokasaH Ky6, annHa pebpa koTtoporo paBHa Y. Tak Kak ero
rpaHb — KBajpaT, TO BCe ee CTOPOHbI paBHbl. YTo6bl paccunTaTth naowagb
NnoBepxHoOCTK Kyba, Heob6xoaMMO CHavana HauTu nowaab ero rpaHu. MNnowaab
rpaHu paBHa Y x Y, unun Y2, YTo6bl HAallTU NaoLaab NOBEPXHOCTH Ky6a, HEO6XOANMO YMHOXUTD
3TO 3HayeHue Ha 6. Hanpumep, ecnun anvHa pebpa Y paBHa 10 MM, TO naowanb OAHOM rpaHu
coctaBnseTt 100 kB. MM, a nsiowadb NOBEPXHOCTU Kyba — 600 KB. MM.

¢ ®opMysibl NJIOWAAN NOBEPXHOCTU MPAMOYro/sibHbIX (hUryp
Mnowaab NOBEPXHOCTU Napanfenenunena MOXHO paccyMTaTb No cneaytowen dopmyne:
X = 4AB + 2AC.

Ll
Pebpa napannenenunesa HeoAMHaKOBbI, MO3TOMY ANs NOACYETA Naowaam
NOBEPXHOCTN HEO6XOAMMO 3HaTb pa3Mep Tpex M3 HMX (oCTanbHble 6yayT
COOTHOCUTBCSA C HUMK MO BeNnYMHE). Ha pucyHKe Bbile OHW 0603HaYeHbI

6ykeamum A, B 1 C. YTobbl HarTK Naowaab NepeaHern rpaHn napannenenuneaa,
HeobxoanMO YMHOXUTb A Ha B. Tak kak napannenenvnes nMeeT YeTbipe OANHAKOBbIE rpaHu, TO ANs
pacyeTa ux obuien nnowaam nponsseaeHne A nu B Heob6xoanMo YMHOXMUTb Ha 4YeTbipe (4 X A x B).
3710 nepBas 4actb GopMysibl. TakKe HaM HeObX0AMMO HaNTK NOWaAb ABYX MEHbLUMX rpaHen. [s
3TOro yMHOXuM A Ha C. Takunx rpaHen gee, NO3TOMY MoOJslydaeM BblpaxeHue 2 X A x C — BTOpYyIO
yacTb Hawen dopmynbl. Ecin, HanpuMmep, anvHa pebpa A coctasnsieT 10 MM, pebpa B — 30 MM,
a pebpa C — 15 MM, TO njowaab napannenennunena pacCuMTbIBAETCS ONMMUCAHHBIM HUXE 06pa3oM.

A x B = 300 mM, cnepoBaTenbHO, 4AB = 1200 KB. MM,
A x C = 150 MM, cnegoBaTtenbHo, 2AC = 300 KB. MM.
Takum obpa3omM, naowaab NOBEPXHOCTU nMapannenenunneaa cocrasnsaer 1500 kB. MM.

¢ NMNouemy BarkHa nJiowjaab NOBEPXHOCTHU

Ba3oBble CBOMCTBA HAHOYACTUL, MOTYT CYLLECTBEHHO OT/IMYATbCSt OT CBOMCTB KPYMHbIX YacTul,.
Peub naet o MexaHMYeCKNX CBOMCTBAX, 3/IEKTPUYECKON NPOBOAMMOCTM, peakunm Ha N3MeHeHune
TeMnepaTypbl U Aaxe 0 XMMUYECKNX peakumax. Mnowaab NOBEPXHOCTU — OAMH U3 NapaMeTpoB,
KOTOPbIN M3MEHSIETCS MO Mepe YMeHbLUEHUS YacTuubl. Tak Kak XMMuyeckne peakumm obblvHO
NPONCXoAAT Ha NMOBEPXHOCTM YacTULbl, YBEIMYEHME ee NOLWaAN BeAEeT K U3SMEHEHUSM
NpoTeKaHUs 3TUX peakuun.
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BoipawmmBaHue KpucTtanjios
caxapa

MaTepuanbl ANA yyawmxcs
Hackonbko BeaqMKO Manoe?

HarnagHo npeacTtaBuTb pa3Mep HaHO4YacTUL, AOCTaTOYHO CrIoXHO. Cneayolwee ynpaxXHeHue
NOMOXET MOHATb, HAaCKOJIbKO BENMKO MOXeT 6bITb Manoe.

Hwxe nsobpaxeHbl 3HaKOMble BaM npeaMeThl: wap Ang 6oynuHra, 6unbspaHbin wap,
TEHHUCHbIN MSY, MY Ans ronbda, CTEKASHHbINA WapUK 1 ropowmnHa. OueHnTe pa3mep aTUx
06beKToB OTHOCUTENBHO APYr Apyra.

OQ s O

A Tenepb NOCMOTPUTE Ha N306paxeHHYI HMXe WwKany, pa3paboTaHHyo HauMoOHaNbHbIM
MHCTUTYTOM paka CLUA, 1 oueHuTe pasMepbl NOKa3aHHbIX NpeAMeTOB HauMHasa C TEHHUCHOrO
Ma4a. Touka (.) Ha aTon cTpaHuue nmeet pasmep 1 000 000 MMKPOH. B cpaBHEHMM C BUPYCOM
nnun monekynon soabl (H,0) oHa orpoMHa.

Bopa mokoza AHTMTEne Bupyc BaxktepuAa PakoBan kneTka Touka TeHHHUCHBIA MAY

McTouHNK, HaUMOHaNEHBIA MHCTUTYT paKa ha a
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BoipawmBaHue Kpucrtannos
caxapa
Pa6oTta ansa yyawumxcs O

3apaHvue MO PpacTBOPEHMUIO

Bbl paboTaeTe B rpynne MHXeHepoB, Nepes KOTOPOW CTOUT 3adada U3y4YnTb 3aBMCUMOCTb
nnowanmn NoBeEPXHOCTU KpUCTania caxapa OT ero COCTossHUsA. PasaMepbl KpUCcTannos MoryT
pasnuuaTtbCs, YTO onpeaensiet o6nacTb ero NpUMeHeHus.

¢ Buabl caxapa
CaxapHas obcbinka. KpynHO3epHUCTbIM caxap, Takol Kak caxapHas

obcbinKa, 4acTo Ucnonb3yeTca Ansa aobaBneHns «bnecTtok» Ha b
KOHAUTEPCKME U3AENNSA, HanpuMep nevyeHbe nnm KoHdeTbl. 3TOT adpdekT i
BO3HWMKAET M3-3a TOr0, YTO MPaHN KPYMHbIX KPUCTAI0B OTPaXatoT CBET. "

CaxapHbliii necok. Pasmep 3epHa 06bIYHOro cCaxapHOro necka cocrtaBnser
okono 0,5 MM, Takol caxap 0bbl4HO AobaBnseTcs B Yan unm kode.

KoHanTtepckuii caxap. KOHANWTEPCKMIA caxap nosyyatoT nyTeM npocemBaHus Q
caxapHoro necka. PasMmep ero 3epHa coctasnseTt okono 0,35 MM, TakoWn ———
caxap 4acTo UCMONb3YETCS B BbINeyke.

CaxapHas nygpa. CaxapHas nyapa — 3TO O4Y4eHb MesiKo
pa3MonoTbIN caxap. BenvunHa 3epHa MOMIOTOrO caxapa coctaBnsieT
okono 0,060 MM, a caxapHoin nyapbl — 0,024 MM. 3Tu ABa BMAaa
LUMPOKO MPUMEHSIOTCS B BbINeYKe, rae caxap AoskKeH 6bicTpo
pacTBOpATbCA. M3 caxapHOM Nyapbl FOTOBAT rnasypb U Apyrue
KOHAUTEPCKNE YKpaLUeHus.

CTpoeHue Mofiekys caxapa Bceraa 0OAMHAKOBO M He 3aBUCUT
OT BENIMUUHbBI 3epHa.

¢ BnnsaHue pa3Mepa 3epHa Ha nJiowagb €ro NoBEepPXHOCTHU
Mnowaab NOBEPXHOCTU Caxapa B rpaMMe caxapHOl
nyApbl ropasao 6onblie, YeM B rpaMMe KOHAUTEPCKOrO
caxapa. A nnowagb NOBEPXHOCTU B rpaMmme
KOHAMTEPCKOro caxapa ropasao 6osblie, YeM B rpamMme
caxapHoro necka.

¢ 3apgaHue no pacTBOPEHUIO

HanenTe B ABe 4yMcTble Yawku no 250 mn Tenson BoAbl.
JobaBbTe B 0AHY YallKy YaMHYIO TOXKY CaXapHOWM
nyapbl, @ B ApYryro — YamHYH 10XXKY CaXapHOro
necka. OTBeTbTE Ha BOMNPOCHI HUXe.

Kakon Bua caxapa pactesopuncs boictpee?
Kak Bbl AgyMaeTe, noyeMy? Kak nosnusna nnowaab NOBEpPXHOCTU Ha CKOPOCTb pacTBOpeHus?
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BoipawmmBaHue KpucTtanjios
caxapa

Pa6oTta aona yyawumxcs
3aapaHvue MO KpuUctanausauumm

¢ Y10 Takoe kpuctann?

Kpucrtann — aT0 TBepAas CTPyKTypa, aTOMbl, MOEKY/sibl U UOHbI
KOTOpOW OpraHn3oBaHbl B MPOCTPAHCTBE B BUAE ONpeaesieHHOro
y30pa. ®opMmMpoBaHME KPUCTANINYECKON CTPYKTYPbl U3 XKUAKOCTU
NN U3 XKMAKNX PacTBOPOB Ha3blBAETCs KpucTannmnsaumen. CTpyKTypa
KpucTtanna, copMMpPOBAHHOIO M3 XWUAKOCTU, 3aBUCUT OT XUMUYECKNX
CBOWCTB XXWAKOCTU 1 PU3NUYECKNX YCITOBUI OKpYXKaloLLen cpeabl,
TaKnX Kak gaBreHune Bo3ayxa. CHEXMHKKM, aniMasbl, CTOI0Bas COMb —
BCE 3TO NpuMepbl Kpuctanaos. CyLlecTByeT HayyHast AUCUMIIMHA,
KOTOpas M3y4aeT Kpuctasaibl n nx obpasosaHune, —
Kpuctannorpadus.

¢ Y10 TaKoe HacblweHune?

Takue BellecTBa, Kak caxap, He MOryT pacTBOpSATbCS B BoAe
6eckoHeuHo. [ocne AOCTUXKEHUS onpeaesieHHoro npeaena
nobasnsembin caxap 6yaeT octaBaTbCsA B TBEPAOM COCTOSIHUM. DTOT
npeaen Ha3blBaeTCsA HacblweHneM. Ha 3TOM 3aHATUM Mbl PacTBOPUM
B ropsiyen Boge caxap ABYX BMAOB. 0 Mepe ncnapeHuns BoAbl CTeNEeHb HacblWeHMs pacTBopa
6yAeT NoBbIWATLCA N caxap HaYHET NpuamnaTth K XryTy, dopMupysa TBepable MoseKysibl.

OTn Monekynbl 6yayT NnpuTarneaTb Apyrue, a Te — cneaywwmne, B pesysabtaTte 6yayT
dopMumpoBaTbCca KpucTansbl. 1o Mepe ncnapeHus BOAbl CaxapHbii pacTBop 6yaeT HacbIWaTbCs
N KpUCTanbl Ha Xryte 6yayT pactu. Mo OKOHYaHMKN SKCNEPUMEHTa Ha Xryte 6yaeT npMMepHO
kBagpwunnunoH (1 000 000 000 000 000) Monekyn.

4 lNocTtaHoBKa 3apaun

Ob6cyante B rpynne cnegyowmi BONpPOC: eciin pacTBOPUTb B BoAe caxap pa3HbiX BUAOB
(necok, nyapy, kybukn pacdvHaga), a 3aTeM BblpaCTUTb KpUCTansbl, 6yaeT nm nx eua
pasnmyaTbCs NOA MUKPOCKOMOM? 3anuLLINTE OTBET B MONIE HUXKE.

OTBeTbTe Ha BOMPOC U NMpUBeAMTE HE MeHee ABYX apryMeHTOB B MOJb3y CBOEN MMMoTe3bl.

Mouemy?
1.
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BbipalwiMmBaHue KpUcTtannos
caxapa

Pa6oTta ansa yyawumxcs

3apaHue nNo Kpuctannausauyuumm (NnpoaonxeHue)

4 OTan TecTMpoBaHuA
Bbl nonyumMnu cnepyrowme Matepmansl:
2 YMCTble YallKN U3 TEPMOCTOMKOrO CTEK/Ia UM 2 MEPHbIX CTakKaHa

+

+++4++ 0+

06beMOM He MeHee NnTpa;

2 TOHKUMX BaTHbIX XryTa, AJIMHA KOTOpbIX cocTaBnsdeT 1,5 BbICOTbI

YallKu;

2 KapaHaalwa unuv nasaoyku;

rpy3 Ans noaBellnBaHUs Ha necke (Hanpumep, ramka);

750 mMn caxapHoro necka;
750 Mn caxapHoW nyapsbl;

500 mn oyeHb ropsyen sBoabl (ee byaeT pasnmeaTtb npenogasaTesnb).

¢ Ha6bnroaeHue
Bbl 6yaeTe rpynnoli BbipawmBaTb KPpUCTasibl U3 caxapa ABYX BUAOB:
necka n nyapol. MOMHUTE, YTO pa3Mep 3epHa CaxapHOro necka
coctasnseTt okono 0,5 MM, a 3epHa caxapHoih nyapbl — okono 0,06 MM. PaccMoTpuTe caxapHbli
MecoK 1 caxapHyto Nyapy noa MMKPOCKOMOM MMM BUAEOCKOMOM. 3anmumTte cBon HabnwoaeHus
3a PpOCTOM KpUCTaaIoB B Tabnuuy Huxe.

CaxapHblIl necok CaxapHasa nyapa | Kpucrann, Kpuctann,

BblpaLleHHbIN BblpaLleHHbIN
M3 pacTeopa M3 pacTeopa
caxapHOro necka | caxapHou nyapb

OnuuwwuTe,

YTO Bbl

BUANTE

Hapucyinte

TO, 4YTO

BUAUTE

BbipawiuBaHue KpUCTaJIJZIoB caxapa
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BoipawmmBaHue KpucTtanjios
CaXxapa
Pa6oTta aona yyawumxcs O

3apaHue nNo Kpuctannausauyuumm (NnpoaonxeHue)

¢ UccnepoBaHue

1. HanunwwuTte Ha ofHOM yvawke «CaxapHblA Necok»,
a Ha apyrom — «CaxapHas nyapa».

2. [obasBbTe B kKaxayt n3 HuXx 750 mn caxapa
COOTBETCTBYIOLEro BMaa.

3. lNonpocuTe NpenogaBaTensd HanUTb B Yawkn no 250 mMn
ropsiyen Boabl.

4. PasMewmBanTe caxap, Noka BoAa He CTaHeT Npo3payHomn
(3TO 03HauaeT, YTO caxap pactesopuncs). NpumedyaHue.
YTobbl pacTBOPUTL Caxap, MOXXHO TakXXe AOBECTU BOAY
[0 KnneHud. B 3TOM criyyae BCe pacTBOpbl AO/KEH
roToBUTbL NpenogasaTesb.

5. OKyHMTe B KaXxAylo YallKy No BAaTHOMY XryTy, @ 3aTEM BbIHbTE
NX N OCTaBbTe COXHYTb Ha Tapesike He MeHee AeCATU MUHYT.
YeMm gonblie XryTbl 6yayT COXHYTb, TEM nydwe. Ha Hux yxe
6yayT KpucTanbl caxapa, KoTopble NOMOryT hopMMpoBaTbLCA
HOBbIM, YTO YCKOPUT KpUCTanIn3aumio nocse norpyxeHus
XFYTOB B CaXapHbl pacTBop.

6. MpPUBSXUTE OANH KOHEL, Ka)A0ro XryTa K KapaHaaluy,
a BTOPOI OMyCTUTE BEPTUKAJIbHO B CaXapHblil pacTBop.
MO>HO MPUKPENUTb K XKIyTY BUHT UK 601T, YTOBbI OH
COXpaHAN BEpTUKANbHOE MOIOXEHME.

7. Cneaute 3a poCTOM KPUCTaaNoOB M 3anncbiBaliTe CBOU
HabnwaeHus.

8. W3yuuTe noa MMKPOCKONOM 06pasubl KpUCTaNN0B, BblpalleHHbIX
N3 caxapHOro rnecka m caxapHou nyapsl. 3anuwmTe CBou
HabnwaeHnsa B Tabnmuy Ha npeablayLlien cTpaHuue.
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BbipalwiMmBaHue KpUcTtannos
caxapa

Pa6oTta ansa yyawumxcs
3apaHue nNo Kpuctannausauyuumm (NnpoaonxeHue)

¢ OTan OueHKM
OTBeTbTE B rpynnax Ha NepevYncrieHHblie HMXe BOMpPOCHI.

1. YeM KpucTannbl, BblpalleHHblE N3 CaxapHOro rnecka, OT/INYalTCs OT KPUCTA/IOB U3 CaxapHO
nyapbl? ByabTe KOHKPETHbI U, ecin HE06X0AMMO, NPOUNNIIOCTPUPYIATE CBOM OTBET.

2. MoaTBepXXaatoT NN NoslydYeHHble pe3ybTaTbl Bally rMnoTesy? YAUBIEHb! I Bbl pe3ybTaToOM?

3. HasoBuTe aBe cdepbl NPpUMEHEHUS, B KOTOPbIX NpearnoyTuTeneH caxap ¢ 6onblien naowanbto
NnoBepxHOCTU 3epHa. Nouvemy?

4. MpepnoxuTe elle oaHy cdepy, rae MoryT NPUMEHSTbLCA HaHOTEXHoorumM. Hanpumep,
NHXXEHEPbI U3Yy4YatoT BO3MOXHOCTU NMPUMEHATb HAHOTEXHOJIOMTMU C LieNbo YBENUYNUTL NMJowaab
NOBEPXHOCTM COJIHEYHbIX NaHEeNel: 3To No3BOINT NOBLICUTb UX MPOU3BOAUTENBHOCTb, TaK KakK
OHW CMOryT ynaBnmBaTtb 6onblue nydyen. ECTb In y Bac Noxoxue naen?

5. Kakune cBegeHMs 0 HAHOTEXHONOMMSAX MW HAHOCTPYKTypax nokasasancb BaMm Hanbonee
MHTEepeCcHbIMn?
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