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Tanna Nel
IlpoucxoxkaeHue MBbIJIBHOIO

| Iy3bIPSi.




Y. bouc 100 jget Ha3an
ONnyO0JIMKOBAJI

(pyHaaMEeHTAJIbHBIA
TpyaA «MBbLIbHBbIE
y3bIPI»




14 mapra
Mex1yHapOIHbIN
neHb uncia «l Iny

9 ceHTa0ps
MexayHapOaHbIN JEHb
KPaCOTHI




HB

JleHb MBLIIIBHBIX ITy3bIpeE

MockBe Ha Ctapom Apodare










JliuHa camMoro 00161100
ny3bipa 4,5 MmeTpa

+




Tauna Ne2
Y10 TaKk0o€e MBLIIBHBIA Y3bIPb?

, MBUIBHBIV TTY3bIPb —
- TOHKAas IJIEHKA MbUILHOW BOJIbI,

5 KOTOpas popMUPYyET mIap C
| Q [IEpEIMBYATON IIOBEPXHOCTHIO.

[1nenka my3bIpst COCTOUT U3
TOHKOI'O CJIOSI BOZBL,
3aKJIFOYEHHOI'0 MEXKIY ABYMS

CJIOAMU MOJIEKYJI TOBEPXHOCTHO
AKTUBHOT'O BEIIIECTBA, Yalll€ BCETO
MBbLIA.
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CrpoeHue MOJIEKYJI-PYCAIOK
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IIpsaMbIMH U3MEPEHUAMMU ObLJIO
YCTAHOBJIEHO, YTO IMOBEPXHOCTHOE
+ HATSI’KeHHME BOAbI OHUKAETCS B ABA C
[HOJIOBHHOM pa3a npu A00aBJIeHUM MbLIA:

or 7*10-2 no 3*10-2 {:x/m2

[ apodaassaz 2acTh Boaa

s apodobieas qaces



Teopusi paspyiueHus
MBIJIBHOI'0 MY3bIPHA

Bcnepcreue 60nbLLOro
. ‘ NOBEPXHOCTHOrO
HaTS>KEHUS
. | YTOH4YMBLLEECS MecTo
NNEHKN NOTSHET B CBOIO
CTOPOHY XXUAKOCTb U3
apyrux, éonee TonCTbIX
yacten. Itnm bypet
BHOBb [IOCTUIHYTa
OZIMHAKOBas TOJILLMHA
/ NEHKN Ha BCEM
W / NPOTSHXKEHNN, U
OMaCHOCTb pa3pbiBa
NNEHKN NCYE3HET




CxeMa npokosa MbIJALHOH ILICH- [To  KoHTYpPY PACIUHPHIONICT OCH
K OTBEPCTHS 1ICHEH (hOPMUPYEICH
B IHK

[loBepXHOCTb XapaKTepulyeTca ABYMSA paanycaMu
KPUBU3HbLI: I U h/2.

[ns ny3bipsa 6yayT cMepTeibHbIMU TE NPOo6OouHbI, Y
KOTOpbIX I > h/2, B 0CTanbHbIX Ciy4asx npobonHa
OyaeT 3aneunBaTbCsl, CX/I0MbIBATLCS.



Taitna Ne3
IloueMmy MBLIBHBIN MY3bIPH
umeer popmy chepbl?

Koapduipent
IIOBEPXHOCTHOTIO
HATSHKEHUSA O MOYKET OBITH
OIIPEACIICH KaK MOAYJIb

~ CUJIBI IOBEPXHOCTHOIO

| HaTsDKEHUs, JEUCTBYIOIIEN

. Ha CAMHMIY IJIWHBI JIMHUH,

OIPAHUYMBAIOIIEH
IIOBEPXHOCTD

o= Fu/2L



YciaoBue paBHOBECHS 1JIs1
MBLJIBHBIX MYy3bIpeH

30bITOYHOE NaBJIICHUE BHYTPH
MBIJIBHOTO ITY3bIps B JIBa pa3a
OOJIBIIIE, YEM Y C(PeprUIECKOM
KaIlJIk, TaK KakK IJICHKA UMEET
JIBE€ OBEPXHOCTH:

Ap =40 /R
YCn0oBHE paBHOBECHS CHUJI
ITOBEPXHOCTHOTO HATSKCHUS U
CHJI U30BITOYHOTO NABJICHUSA IS
MBUIBHBIX ITY3bIPEN:

o4nR = ApnR?2

CeueHue c(peprueCcKor Kariu



Cunvt HaMAHCEHUA MBLITbHO20 NY3bIPA
dopmupyrom chepy nomomy, umo chepa umeem
HAUMEHbULYIO NII0ULAO0b ROBEPXHOCHMU NPU OAHHOM

+ ooveme.

C noBepxXHOCTHIO KHAKOCTH CBsi3aHa CBO6oAHanA
JHEeEprusa
E=0c S
e 6 — KOIPp(PUIHEHT MOBEPXHOCTHOIO HATSKEHM,
S — MoJIHAA IJIOINAAb MOBEPXHOCTH KUIKOCTH.
Tak xak cB0OOAHAS IHEPrUs U30JIUPOBAHHOMN
CHUCTEMBI CTPEMUTCH K MUHUMYMY, TO KUJIKOCTDH (B
OTCYTCTBUE BHEUIHMX IOJIeN) CTPEMUTCH NPUHATH
(popmy, UMEIONYI0 MUHUMAJIBHYIO IIOIIAAb
IOBEPXHOCTH.



MBUIBHBIE ITY3bIPH - (DU3UYECKAS WILTFOCTPALUS
po0IEeMbl MUHMMAaJIbHOW TOBEPXHOCTH, CIIOKHOM
MaTeMaTUY€CKOU 3a1a4u.

+

TeopeMa IBOMHOTIO
Ty 3bIPS:

Ba 00BEIMHEHHBIX
Ty3BLIPS. UMEIOT
MMHHUMAaJIbHYIO

ILUIOIAAb
[IOBEPXHOCTHU IPHU
3aJaHHOM
00bE IMHEHHOM
o0BEME.




Cepuueckas popma CyliecCTBEHHO
NCKAKAETCS MOTOKAMM BO31yXa H

| CaMHM MPOLECCOM HATYBAHUS MY3bIPS
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Tavna
Onruka MbLJIIBHOIO MY3bIPS
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CBeT — 3TO HOTOK TMIIOTETHYECKUX HaCTHUIL[ — KOPITYCKYJI
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CBeT MMeeT BOJIHOBYIO IIPUPOAY
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«lleHHeninee OTKPbITUE TOKTOPA
IOHra, KOTOpOMY CYKJIEHO HABEKH
00€CCMEPTUTH €r0 UMS, OBLIIO EMY
BHYIIICHO TTPEIMETOM, Ka3aJI0Ch
Obl, BECbMa HUYTOKHBIM: TEMHU
CaMbIMU IPKUMH U JIETKUMHU
y3bIPSIMU MBUIBHOM 8
KOTOPBIE, €/1Ba BBIpBa\]—?»%CB u3
TPpyOOUKH, CTAHOBATCS UTPYIITKON
CaMbIX HE3aMETHBIX JIBEOKCHUIN
BO3IyXay.







X0 JIy4ed B TOHKHUX IJIEHKAX




HUHTepdepeHIIns B TOHKHAX
IJICHKAX

; 2-B 3eMeHOM; 3-B KpacHOM.
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Hnmepgpepenuueii ceemoaswix
80JIH

HA3bIBACTCS CIIOKEHUE JBYX
KOT€PEHTHBIX BOJIH, BCJIC/ICTBUE
KOTOPOTO HAOJIIONAETCS YCUIICHUE
WJIA OCJIa0JICHUE
PE3YJABTUPYIOIINX CBETOBBIX
KOJICOAHUN B PA3JIMYHBIX TOUKAX
IIPOCTPAHCTBA.

Kozepenmmnuie 601Hbl — BOJIHBI,
MMEIOIINE OJUHAKOBYIO YaCTOTY U
MOCTOSIHHYIO BO BPEMEHH Pa3HOCTh

(as.



Ycnosue makcumyma: eCinv pa3HOCTb
X0J1a IBYX BOJIH, BO30YKIAIOIIAX
KOJI€OaHHUs B 3TOM TOYKE, paBHA
[EJIOMY YHCIY JJWH BOJIH

Ad=k A ,k=0,1,2,3,... - BOJIHBI YCHUJIAT
ApYyT Apyra,
Ad — pa3HOCTB X012 JTy4eH
Ycnoseue munumyma: ecinm pa3HOCTh
X0Jla ABYX BOJIH, BO30YKIaIOIINX

KOJICOaHHUS B 3TOM TOYKE, paBHA
HEUYETHOMY YHMCITY ITOJIYBOJIH

Ad =(2k+1) A/2 , k =0,1,2,3,... -BOJIHBI
IOracsT Apyr Apyra.




Ilouemy Ke OJHM MbLIbHbIE MY3bIPH HUMEIOT
PAdY:KHYIO OKPACKY, a pyrue — Het?

CoMHeHbe, Bepa, NbLI dKUBBIX
cTpacTeu.

HNrpa Bo3AyIIHBIX MBLIIbHBIX
ny3bIpeun:

Tor paayrou 0J1ecHyJ1, a ITOT -

<« : cepblii
~ M pasziersaTes Bce

Bot :xu3HBb J11071€e1.

CHauyana nji€Hka OecIBeTHas, TaK KaK UMEET |
IPHOIH3UTENBHO PABHYIO TOIILIHY. 3aTeM PacTBOP: ‘
IOCTEICHHO CTeKaeT BHU3. M3-32 pa3HOU TONIMHBL
HIDKHEH yTONIIEHHOMN 1 BepXHEHl YTOHUSHHOMN IIEHKH
MOSBJISIETCA pay>KHasi OKpacka.



Tanna Ne 5
ToamuHa MIEHKU MBLIBHOIO ITY3bIPHA

YT00BI pa3pe3 CTEHKU MBLIBHOIO
y3bIpsl yCMaTPUBAJICS B BUJIE TOHKOM
JTUHUY HEOOXOIMMO YBEINUYCHHUE B
40 000 pa3, Mpu TAKOM K€ YBEIIMYCHUHN
0JIOC OYy/IET UMETH TOJIIIIMHY CBBIIIE 2 M.

BBepXy — UrojibHOE YIIKO,
YeJI0BEUYSCKHUU BOJIOC, OAlMiIa 1
MayTUHHASA HUTh, YBEIUYEHHbIE B 200
pa3. BHu3y — Oaniiuibl M TONITAHA

MBIHBHOﬁ IIJICHKH, YBeHquHHBIG B
40000 pas. 1 p=0,0001 cm.




Tamna Ne 6
Jloarast 5)ku3Hb MBLJIBHOTO
IV3bIPS

“,'\\ / . JIonmHYJI MBUIbHBII My3bIPb

HEHAAeKHOI0 3bI0KO0r0
CUaCTh9,

He cymeB nosierers K
HOJITOKAAHHBIM CeIbIM
o0J1aKam.

3eHKeBUY AJIeKCAHAP

[lbtoap - cocyabl



Tauna Ne 7
CBoHcTBA MBLIBHBIX IY3bIPEH HA

[1y3bIph IpH MEAJICHHOM OXJIAXICHUU
MepeoxaaxaaeTcsa U 3aMep3aeT MPUMEPHO
pu —7°C. IliieHka oKka3bIBa€TCs HE XPYIIKOU,
KaKoO, Ka3aJI0Ch OBbI, JOKHA OBITH TOHKAS
KOpouKa Jibja. OHa 0OHApYKHUBAET
IJIACTHYHOCTB. I 1ITacTHYHOCTD MIICHKU
OKa3bIBaeTCs CICACTBHEM MaJIOCTH €€
TOJIIIINHBEI.







Tauna Ne 8
JlJ1s1 4ero Hy>KHbI MbLJIbHbIE

-+ ny3sIpu?

Mexanusm yoanenus zpazu c




B mempaoJsiocuu u aIponaemiuKe
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B 2opnou
NPOMBIULTIEHHOCHU

. Cxareii BO31yX

. OOoraménHas pyna

. Ily3bIipbKHu BO3YyXa

. Hactuua pyasl




sKuenie kiemku 6
HEeKOMOopbixX
npoueccax

YrnesoaHble
LEenoYKK

CPOOHU MBLIIbHBIM
nY3bIpAM

lNepudgepuyeckus

BNOK WurerpanbHbIit/
onokK



Yparan «9OMma

YparaH «bera»




N3o00paxkeHus
Iy3bIpeu npu
PA3JIUYHBIX
PA3HOCTHX
TeMIeparyp.

YBEJINYUBACTCHA OT
PHUC. A K ¢ M paBHa 9,
17 n 31°C

% coorBeTcTBeHHO. Ha
1) (Vi &

" BOBHUKHOBEHHE
Buxpda npu AT = 45°
C.




Hejhmenepepadamuolearuiel
NPOMBLULICHHOCHU




«MHUKpOpPEAKTOPHD)
BHYTPH MUIIECILI




[ lomamepsl
Kpacurenu

MeauKaMEHTEI




Ilpouecc kasumauuu 6 mpyoonpoeooe




BoT Takon yauBUTEIbHBIN MBbUIbHBIN MY3bIPH!

GolPenOne:n




PoskaeHue KpacoTbl U3 MEHbI, a
Ka’KeTCH — U BOBCE U3 MYCTOTHI, U3
LYCTANIHON KaIlJIM BOABI,
PR LKHBaeT




OneIT ¢ MBUILHBIMHA
ny3sipsaMu Nel

BOKPYI IpeaMeTa



OnbIT ¢ MBLIBHBIMHY IIY3bIPSIMH
Ne2

HeckoJabK0 my3bIpen APYI B Apyre



O1nbIT ¢ MBLIJILHBIMH INY3bIPAMHA

No3

I Bo3ayx BbITeCHACTCHA CTEHKAMMU
\ MBLJIBLHOIO IY3bIPH




OnbIT ¢ MBLIBHBIMHY IIY3bIPSIMH
Ned

MBLIBHBIN Y3BIPH

HA NpeaMeTe




MbI BBITYJIA MBLIBHBIA
ny3nipb 30 cM B juamerpe

+




«BbIayHTE MBLIBHBIN
Y3bIPb, — MUCAJI BeJIUKNHA
am}amiicxnﬁ YYEeHbIH
KeabBHH, — 1 CMOTPHUTE

Ha HETO.

BbI MOKeTe 3AaHUMAThCSI
BCIO )KM3Hb €ro
U3y4YCHHEM, HE

nepecraBasi U3BJIEKATH

U3 HEro YPOKHM (PU3UKH ».
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