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1. Ieau m 3aga4u M3yYeHUsT AUCHUILIHHDI

Kypc «®usnyueckue MeTOAbI B MOJIEKY/IAPHOH OHONOTMM» SBISETCS COCTABHOW YaCTHIO
o6pa3oBaTeNbHOM TPOrpaMMBI  ACIHPAHTYpsl [0 crenmanbHocTH 1.5.3.  «MonekyspHas
Gromorus». Kype paccyuran Ha aclMpaHTOB, CHELHATM3HPYIOUIMXCA B 06IACTH MOJNEKYJISPHOMR
OxoJIoruy, ¥ Hay4HbIX COTPYJHHKOB, HAYHMHAIOIIMX paboTaTh B 3TOH 061IACTH.

B kypce nmaercs cucTeMaTHYecKoe M3IOKEHHE OCHOBHBIX METOJOB H3YYEHMS CTPYKTYPHI
MaKpoMOJIEKYJ] Kak Ha YPOBHE arOMapHOrO paspemeHus (PEHTTEHOCTPYKTYPHBIA U
HEUTPOHOCTPYKTYpHBIH anHamu3, SIMP), Tak ¥ Ha ypoBHE MOJEKYNBl KaK IIEJIOTO
(rupponuHAMUYECKHE METO/IBI). N3noxenue KaX/10r0 MeToza COIIPOBOXKIAETCS
MHOTOYUC/ICHHBIMH IIPHMEPAMH, WITFOCTPUPYIOLIMMHU HX JOCTOMHCTBA M HEIOCTATKH.

[lenu. B pesynbrate 0CBOCHHS MUCHHMILIHHBL 00yYaiOmHiCs JOIDKEH 3HATh 06J1acTh IPUMEHEHHS,
JIOCTOMHCTBA M HEIOCTATKM OCHOBHBIX (DHU3MUYECKHX METOJIOB, WMCIOJBE3YEMBIX B HCCIEIOBAHHH
CTPYKTYPBI ¥ CBOMCTB O6HOJIOrHYECKMX 0OBEKTOB Ha MOJIEKYJISIPHOM ¥ KJIETOUHOM YPOBHSX.

3ajauu. 3ajauu Kypca CBOJIATCS K HOJIy4eHHIO Ga30BbIX 3HaHWI 06 OCHOBHBIX METO/AX M3yUeHHS
CTPYKTYPbI MakKpoMOJIeKys, ee oOpa3oBaHuMsi, a TaKke B3aUMOLECUCTBMM M W3MEHEHHH Kak Ha
CyOMOJIEKYJIIDHOM ypoBHE (ONTHYECKHe METOAbI, MHKpockommsi, SIMP), Tak M Ha ypoBHe
MOJIEKYJIbI KaK LEeNIoro (TuApoANHAMHYIECKHE METOIBI, MacC-CIIEKTPOMETPHUS | JIp.)

Jucnummna spisercs (aKyIbTaTHBHOM,
Kypc HENocpencTBEeHHO CBSI3aH C PSAOM JPYTHX KypCOB MPOrPamMMBI TIOCIEBY30BCKOTO
Npo(ecCHOHANBHOr0 06pa30BaHHs 10 MOJIEKYJIIPHOM GHONIOTHH:
«IIpHHLIAIIBI CTPYKTYPHOM OpraHu3auu 6€IKOB ¥ HYKJICHHOBBIX KHCIOTY;
«MeTtoap! xumuu Oeskay
«Dusuka Oenxa»
«KoMIbroTepHbIe METOJIBI HCCIIEIOBAHUS MAKPOMOJIEKYID)
U JIOJKEH MPOBOMUTHCS TTAPATUTIENBHO C HUMA.
O6mmas Tpynoemkocts kypea — 2 3ET, u3 Hux nekuun — 36 4acos.

2. Copep:xanue JUCHHIUIMHBI (MOTYJIs)
Tema 1. Boouvie pacmeopst 6uononumepos

Kucnorno-ocnosroe papHoBecue. pK, pH u ux TeMreparypHas 3aBHCHMOCTb.
Bydepnsie pactBopsl. MonHas cuma. TuTpoBaHue 3apsKeHHBIX IPYII B GeKax.
U3oonexrpryeckas ¥ M30MOHHAs TOYKH. PacTBopuMOCTh GekoB. BiHsHEe aHOMATBEHO
TATPYIOIIUXCS TPYIII Ha CTA0OMIBHOCTH 6EIKOBOM CTPYKTYphl. OCMOTHYECKOE IABICHUE.
Huanus u renb-xpomarorpadus Kak METO/IbI IepeBo/a GHOMOIMMEPOB B PACTBOPEI
HY)XHOTO COCTaBa.

Tema 2. Abcopbuuonnan cnexmpockonusn u prioopecyenyuan

CrieKTpBl ONTHYECKOTO TOTJIOLIEH S GEIKOB M HYKJIEHHOBBIX KHCIOT. 3aK0H
Jlambepra- Bopa. Cnexrpodoromerpsr. CriekTpohoTOMETPUUECKOE ONIpEIeIeHUE
KOHIeHTpauy OnononumepoB. KoadpuimeHTs! SKCTHHKIMK GEIKOB, UX OLIEHKA U3
AMHHOKUCIIOTHOTO cocTasa. OnTuyeckas akTHBHOCTD M KPYroBo# quxpousm. Ilorsomenne
OenkoB B nH(ppakpacHoit 06sacTi. MeToIB! Olpe/eseH s BTOPHYHOM CTPYKTYPHI GEKOB 13
ONTHYECKHX CHEKTPOB. HEKOTOPHIE MpOrpaMMHEBIE IIPOIYKTEL, JOCTYITHBIE B HHTEPHETE,
l'unepxpoMHbI# 3 HEKT y HyKICHHOBBIX KUCIIOT M €10 NIPAaKTHYECKOE HCIIOIb30BaHME,

@moopecnennus. Cxema SI6monckoro. @oroopumerpsl. [Ipuposmbie Grroopodopsr
B OeNKax UX CIeKTpbI (GIroopeceHIuH.



Tema 3. Tepmoounamuxa u kunemuxa cmpyxkmypnvix nepexo0os ¢ buononumepax

Tepmopunamudeckue pynkuun cocrosnus. Dueprus ['u66ca u cBs3h ¢ Heil
KOHCTAaHTBI PABHOBECHS. DHTAIBIHNS U SHTPONHs. IHTEHCHBHBIE U SKCTEHCHBHBIE
MapaMeTphl. Y AENbHBIA NapuuaibHbli 06beM U XUMHYESCKHH TOTEHIHAL.
KooneparuerocTb KOH(QOPMAIMOHHBIX IPEBPALLIEHHIT B Ouononmumepax. Peaxims HyneBoro
nopsika (MOHOMOJIEKYJIsIpHast). S-06pasHble KpUBBIE IEPEXOIOB IO ACHCTBHEM
TEMIICPATyPhI K U3MEHEHHUs cocTaBa pactBoputend. Popmyina Baut Fodda.

Bimuasiiue pH, HOHHO# CHIIBI M THTAHIOB Ha CTAGHIEHOCT CTPYKTYPHI OHOMONUMEPOB.
PasBopaunBanue CTPYKTypHI HOA AeHCTBUEM AeHATYPAHTOB. METOIB! periCTpaLiH U
MaTeMaTHIeCKOl 00pabOTKH KPUBLIX MIABICHUSL,

Kunernieckne mapaMeTpsl HEPexozoB U UX CBsI3b C KOHCTAHTAMHU PaBHOBecHs. MeToj
OCTaHOBJICHHO! CTPYHU U PAacyeT KOHCTAHT CKOPOCTEH W3 JAHHBIX 110 YCTAHOBICHHUIO
paBHOBecHsl. IlleBpoHHbIH rpaduk.

Tema 4. Juppepenyuanvnan ckanupyrowana mukpoxanopumempusn

Cxema coBpeMEHHOI0 CKaHUPYIOLIETro MUKpoKanopuMerpa. HeobxoaumMocTs
COBMEIIEHHS anuabaTHYeCKOro u U pepeHuanbHOro IPUHIKIIOB H3MEPEHHS L
TIOJIY4€HHS BHICOKOH YYBCTBUTEIILHOCTH M TOYHOCTH M3Mepernii. Kammbposka mpubopa u
pacder TeMneparypHO# 3aBUCUMOCTH ITapIMATLHON TEIIOEMKOCTH, MaTeMaTHueckas
06paboTka JaHHBIX U IIPAMOE OIIPE/ENIeHHE TEMTOBOro 3¢ (eKTa pasBopadnBaHHS
CTPYKTYpbI Ouonomumepa. Moziens IByX cocTosHul 1 pacueT 3¢ (heKTHBHOTO H3MEHEHHS
SHTANBIIMK U3 POPMBI KpUBOH. J[0Ka3aTeNbCTBO KOONIEPATHBHOCTH HEPEX0a HATHBHOI
CTPYKTYpEI HeOobIIoro Genka u/um Kopotkoi sk PHK B passepuyTyio Gopmy.
Croxnple TeMnepaTypHBIe 3aBHCUMOCTH TETIOEMKOCTH JIISl MYJIBTHIOMEHHBIX GETKOB I
HYKJI€MHOBBIX KHCIIOT. AJITOPUTM JICKOHBOJIOIHMH KAJIOPUMETPUYECKHX KPHBBIX U UX
IOJrOHKA I10 BEIOPAHHOM MOZEIH MHOTOCTAHHHOTO nepexoga ¢ HOMOIIBI
MUHHUMH3ALMOHHBIX aJI’OPHTMOB.

Tema 5. Tepmoounamura mexscmonexynapuvix e3aumodeiicmeuil. Hzomepmuueckan
MUmMPAYUORHAA MuKpoKanropumempus. IlosepxHocmubslii RIA3MOHHBLIL Pe30HAHC

Cpsi3biBanue nurannoB Makpomornekyiamu. I'padux CxaTaapya. Hsorepmudeckuii
THTPAlHOHHBII MUKpOKanopumeTp. ObIast cxema ¥ IPUHIKAI pabOTHL.
Ilonyuenue u maTematiyeckas 06paboTKa NaHHBIX THTPOBAHMUSL. Pacyuer
TEPMO/IMHAMHIECKHX TTAPaMETPOB B 3aBHCUMOCTH OT MOJIENH CBs3bIBaHus. [Ipenens
M3MEPAEMBIX KOHCTAHT paBHOBECHS. MCII0Nb30BaHIE CXEMBI KOHKYPEHTHOTO 3aMEIIeHHSI
JULsl OTIpe/ieieHHst GOJIBIINX KOHCTAHT CBA3kIBanmsL. [Ipumernenue 6y(hepHBIX PacTBOPOB ¢
PasInYHBIMY SHTAJIBIIUSAMY HOHU3AIMK JJI U3MEHEHHS HaOJoNaeMbIX TEIIOT OeloK-
JIMTAHHBIX B3aUMOJICHCTBHIA.

IIpumenenue ckanUpyIOIIEH MEKPOKAIOPUMETPHH IS ONPECIICHIS
TCPMOIMHAMHYECKHX ITAPAMETPOB MEXMOJIEKYIISIPHBIX B3aUMOIECHCTBHIA,

Du3ryecKyi NPUHIMUII JIEKAIIUH B OCHOBE METO/IA IOBEPXHOCTHOTO IIa3MOHHOTO
pesonaHca. CoBpeMeHHbIE IPHOOPEI HA OCHOBE MUKPOYMIIOB H CIIOCOOE! HIMMOOHIH3AIIHH
6uononumepos. OmpezieNieHne PABHOBECHBIX i KHHETHUYECKHX [TAPAMETPOB

B3aMMOJICHCTBHsI aHATUT-TUraf . J[Hana3oH H3MepPEHus PaBHOBECHBIX KOHCTAHT. MeTo bl
aHalIu3a JaHHBIX.

Tema 6. F'uopoounamuxa



Tperue BpararenbHEIX ¥ IOCTYNATENBHBIX JBIKeHUH. Jluddy3us B pacTBope 1 B
Kkierke. ®oToOnuymHr.

Bsskocte. XapaktepucTuyeckas BI3KocTh [1]. CymHoCT SBneHus. BsI3kocTs
pacTBopoB chepudecknx gactul. opmyna DitHinTelHa, BI3K0OCTh PACTBOPOB KECTKHX
aCHMMETPHYHBIX 10 (popMe, CIUIOIMIHEIX yacTuil. @opmyna Cumxa. 3aBUCHMOCTE
XapaKTePUCTHIECKOM BA3KOCTU OEIKOB M HYKJICOIPOTEHIOB OT MOJIEKYJISPHON MACCHL..
Kondopmarnus rayccosa kiry6xa. 3aBUCHMOCTS XapaKTEPUCTHUECKOM BSI3KOCTH OT
MOJIEKYJISIPHOW MAcChI JIs O€JIKOB B TYaHUIUHTHIPOXIOPHIE U MOYEBHHE, BO3MOXKHOCTE
ONPEAEIICHUS MOJIEKY IIPHOM MacChl B 3THX PACTBOPHUTEIISX.

Tumne! 1 KOHCTPYKIUK BUCKO3UMETPOB. ['pafiueHTHAs 3aBUCHMOCTD BS3KOCTH.
Buckosumerp 3uMa 1 coBpeMeHHBIN poTanuonHbH mpubop. Baskocts JJHK,

CoBMecTHOE MCTIONB30BAHUE KOHCTAHTEI IIOCTYATENBHOTO TPEHHUS U BSI3KOCTH.
@opmyna Illeparu-MangenskepHa.

Tema 7. Ckopocmnan u pagnosecnan cedumenmayuu

Meron ckopocTHO# cenumentarun. KoadhuiuenT ceuMeHTaIug U €ro CBs3b ¢
K03 QUIHEHTOM IOCTYATENILHOTO TPEHHUsI. 3aBUCUMOCTE KO3 (GHIMEeHTa CeIUMEHTAIUHN
OT MOJIEKYJIIPHOM Macchl 6EJIKOB U HyKJIenpoTenioB. OueHka KOH()OPMAaIHOHHOIO
COCTOSAHMS OUOJIOTHYECKMX MAKPOMOIIEKYJI U3 3aBHCUMOCTH MX KOHCTAHTHI CeMMEHTAIIN
OT MOJIEKYJIIPHOM MacCEL

OnTHyeckue METO/IBI perucTpany B AUGdy3un 4 aHATHTUIECKOM
ynsTpanenTpudyruposarun: Meros Ounmnora-CBeHccona, UHTEpEPEHIIMOHHbI METOS,
abcopburonnsiii metos. KpaTtkoe omucanune neHTpudyru, poTopos, KIOBET.

Onpenenenne MOJIEKYIISIPHOM Macchl GHOIOTHYECKUX MAKPOMOJIEKYIT METOIOM
coyeranus ceaumenTanuu u tuddysun. Ilepsas Gpopmyna Ceenbepra. I'panuiis
npuMeHuMocTH. Kitaccuyeckuii METO/ ceIUMeHTallHOHHOTO paBHOBecus. Bropas popmyna

Caenbepra. [IpubmmkeHns K CeIMMEHTAIOHHOMY PaBHOBECHIO. MeTos ApunGanba.
Meron Hdantuca.

I'panuent ninoTHOCTH. 30HANBHAST U PABHOBECHAS CEAUMEHTAIIMN B TPAMEHTE
nnoTHoCTH. Jluddepennuanbaas ceuMeHTalus.

Tema 8. Inekmpodghopes

MakpomosIeKyIIBl B 9IEKTPHIECKOM 11051, DIEKTPopOpe3 B IIOUAKPUIAMHUTHOM Tejie
u arapose. J{uck-s5ekTpodopes B HATHBHBIX U ICHATYPHPYIOIIHX YCIOBHsAX. DnekTpodopes
B I'Pa/IuCHTEe MOYCBUHEI K B [IPUCYTCTBUM JoAenmiIcyibdara Hatpus. M30(oKkycupoBanue B
rpapuente pH. [IBymeprsie anexTpodopesst. Kanumusipusiii snekrpodopes.

Tema 9. Pacceanue ceema u neiimponoe 6uononumepamu

OO6miast xapakTepuCTHKA PACCEsTHUS CBETA, PEHTTeHOBCKHX Jydel i HeHTPOHOB.
Paccesinue cBeTa Kak paccesHHe Ha «CBSI3aHHBIX) JIEKTPOHAX, PACCESHHIE PEHTTEHOBCKUX
JTy4el KaK paccessHue Ha «CBOOOJHBIX» JIEKTPOHAX, PACCESTHUE HEUTPOHOB KaK paccesHue

Ha sapax. OcHoBHEIE CE)HBH‘-IGCKI’IC crencTBusl. MeTobl CTaTHYECKOI0 B JAHHAMHAYECKOT'0
paccesiaHuA CBETa.

Papuyc unepruu. Ero cBs3e ¢ popMoii YacTuIs! B ¢ pacipe/ieieHueM 3eKTPOHHOM
IJIOTHOCTH BHYTpH Hee. O6acts popmbl. O6mIHe 3aKOHBI CITajia KpUBOH paccesTHUs s
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YaCTHIL Pa3HOH (HOPMBI ( ITaIouKa, UCK, rayccoB KIIyGOK, KOMIAKTHEIE YacTHIE). MeTox
cheprUECKHX TADMOHUK H €r0 IPUMEHEHHAE K BOCCTAHOBIEHHIO TPEXMEPHOH CTPYKTYPHI
MaKpOMOJIEKY L.

Crarudeckoe U IMHAMHYECKOe paccesHue cBeta. @opmyina Panes. Onpenenenue
MOJICKYJIIPHOM Macchl. MeToIbl MHTepIpeTaliy SKCIIepUMEHTAILHEIX JaHHEIX. PaccesHue
Ha MailbIX ¥ 6osbimmx yactunax. Meroxn 3umma. [Ipo6iiema onpeenenus MONEKyIIAPHBIX
Macc ¥ pajinyCcoB HHEPLUK OONBIIMX OHOIOrHYeCKUX MakpoMoseKkyr. Onenka
MEXMOJICKYIISIPHBIX B3aUMOJICHCTBHH 1 oymromepusarud. Conpsikenue
BBICOKOI((PEKTUBHOM HKUIKOCTHOH Xpomarorpaduu ¢ mpubopoM JUls U3MEPEHHUS PACCETHHS
CBETA.

Tema 10. Kombunayuonnoe pacceanue ceema.

Crexrpockonus 6enkos B uH(ppakpacHoM nuanazone. KoyebarenbHble CEKTPEI
aMUJIHO¥ TPYIINBI ¥ WX UCIIONIB30BAHME IS ONIpe/IeSICHNS] BTOPHYHON CTPYKTYPHI.
JlocTOMHCTBA U HEIOCTATKH METO/IA.

Du3uYECKOe ONMHCaHuE KOMOUHAIIMOHHOTO (PaMaHOBCKOT0) PACCESIHUS CBETA.
HewnnpasuBHEIH XapakTep Uccie0Banus OHONOrMYECKUX 06BEKTOB C IIOMOIIBIO
KOMOMHAIIMOHHOTO paccesHus.. MeTtos! yeunenus curaanos KP. Vicnons3oBanue
HAHOYACTHUIL /ISl UCCIIEI0BAHHMS KJIETOK M OPraHejw.

Tema 11. Hekomopole mamemamuueckue memoovt ananusza oannvix. I'paghuueckoe
npeocmaenenue pesyibmanos IKCHep UMeHma

HocTynHple IPOrpaMMHEIE AKEThI IS aHAIM3a U TPadUIecKOro MPeICTaBIeHUs NaHHBIX U
pe3ynbTaToB 9KcrepuMenTa. CraTucTuueckuii ananus. [IpuMeneHe MUHUMHA3AIMOHHBIX
AJITOPUTMOB.

Tema 12. Macc-cnekmpomempusn

DusnyecKue MPUHIMIILL, JIEXKAIIHe B OCHOBE MeToAa. OCHOBHBIE 061aCTH IPUMEHEHHUS B
uccnenoBanuy OuononuMepoB. OCHOBHBIE METOJIBI MOATOTOBKH 06pa3IloB ¥ MX BBEJCHUS B
cnekrpomeTp. Onpe/enenue aMHHOKHICIOTHOM HOC/IeI0BaTENLHOCTH 6eKoB. JIokantu3amus
MOCTPAHCIANMOHHBIX MOAU(HUKAIMI TEpBUYHOM CTPYKTYphl. MccnenoBanue
BHYTPUMOJIEKYJISPHOM JIMHAMMKY C TIOMOIIBIO BOAOPOAHOTO 0OMEHa.

Tema 13. Adeprotii mazrnummblii pezonanc

06HIHG IIpencTaBJICHHUA O CIIMHE H MarHUTHOM MOMEHTE CIIMHE IJIEMCHTAapPHEBIX 4YaCTHII,

KBanToBaHue MATHUTHBIX MOMEHTOB SIIEp M UX PACIIPE/IENICHUE O YPOBHAM SHEPTHH BO
BHEIIHEM MarHUTHOM 1ojte. Habirosenue pesonanca npu Bo3aeicTBHE Ha 0Opaser
SJICKTPOMArHUTHBIMH BOJIHAMH B PaZn04acTOTHOM JuanasoHe. CoBpeMeHHBIE IPUOOPHI st
NPUMEHEHHUS! B OHOJIOTUM: CIIOKHOCTD M JIOPOrOBH3HA. MeTO 1Bl IPUIOTOBIEHHUS 06Pa3IOB:
BBCIACHHE H30TONOB YIJIEPO/ia U a30Ta C [OJIyYHCIIeHHBIM criuHoM. HeoOGxomumocTs
COTPYTHHYECTBA C SKCIIEPTaMK IIPH INIAHUPOBAHUY U IIPOBEJIEHUH TOPOTOCTOSIINX



SKCIIEPUMEHTOB ¢ Ttomoipio JAMP. OnnomepHsIe H nByMepHEIE criekTphl. Onpeesenue
IPOCTPaHCTBEHHOM CTPYKTYpBI 6eNKkoB. McciienoBanue MOIEKYISIPHOH IUHAMUKH.

Tema 14. Busyanuzayus 6uonozuueckux o6vexmos.

Kputepwuii paspemmenns Pases. [Ipenen paspernenus cBeTOBBIX MHUKPOCKOIIOB.
®moopecnieHTHBIE MUKPOCKOTIBL. JIa3epHBIi KOH(OKATBHEILH CKAHHPYOLHiA MHMKPOCKOIL.

Jpyrue MeTobl yBEeIUYCHUS pa3pelleHuUs U KOHTpAacTa B CBETOBOW MUKPOCKOITUU. MeTo 1bI
BBEIIEHHS! (DITFOOPECIIEHTHRIX METOK B OMOIIOIMMEPBI, KIIETKH W OPraHejIbL.
HeunBasuBHoCTE Mozxoa ¥ HabIMONEHKE KIIETOK i1 Vivo.

Hyanucrudeckuit xapakTep 91eKTPOHOB. JITMHA BOJIHBI JIEKTPOHOB B COBPEMEHHBIX
IIEKTPOHHBIX MUKpockonax. [Ipocseunparomas 1 oTpaxkaresnbHas SJIeKTPOHHAS
MUKpocKonus. [IpuHIMNIHATEHEIE CXEMBI H KOHCTPYKTHBHbIE 0COOEHHOCTH JIBYX THIIOB
MHKPOCKOIOB. MeToxb! npurotoBenus o6pasios, yBeluIeHHe KOHTPACTA C IIOMOLIBIO
TSDKETIBIX METAJUTOB ¥ UX coefnHeHui. KproanekTporHas Mukpockonus. MatemMaTuueckast
(usbTpanus 51K TPOHHOMUKPOCKONMYECKHX H300paXKeHHIA.

ATOMHEIH CHITOBOM MUKPOCKOIL [IpuHIuUI JefCTBIS U IIpeIeNsl paspeLieH s

HPH UCCIIEIOBAHUH OHOIOTMYECKHX 00BEKTOB.

3. Ilepeuens y4eOHO-MeTOAHYECKOro obecmeveHMsi MIS CAMOCTOSTEIbHOIN paboTel
ACIMHPAHTOB MO IMCUMILINHE (MOIYJII0)

Tunosnie BOIPOCHI AJIsi KOHTPOJISI YCIIEBAEMOCTH.
O6pasus! BONPOCOB YCTHOr0 0NPOCA M AOMAINHHX 32 aHHIA:
1.Kaxoii pH Gyzer y pacTBOpa, €Ciii B HEM CMEITATh SKBUMOIISIPHEIE KOJIMIECTBA AIETaTa HaTpus
U yKCYCHO# KucioThl, pK xoTopoit pasen 4,767
2.Ilpurosien mm Gydep Ha ocrose Tris-HCl s perucrparmu TEMIIEPATYPHOH 3aBUCUMOCTH
TETIOEMKOCTH Oerka?
3.Yem pasnuyaioTes OIHONYYEBO’ | ABYJIy4eBOl CIIEKTPO(POTOMETPEI?
Kako#t npuGop npeamodTuTenbHeil 1y THTPAIMOHHEIX SKCTIEPEMEHTOB?
4. Hanudie kaknx aMHHOKHCTIOT B GelTke Hy)KHO yUUTBIBAT IIPU pacyeTe Kooddurmenta
SKCTHHKIMH Ha 280 HM?
5. KakoBa cpefiasst BelMurHa THIEPXPOMHOTO 3¢deKTa mpu pa3BOpavYMBaHUU JBOMHBIX ClIUpaei
JHK u PHK?
6. Kaxue snemMeHTbI BTOPHYHOM CTPYKTYphI 6€Tka BHOCST HAWGOIBIINI BKIIA/ B 3HAYCHHS
MOJISIPHOM SJUTMIITHYHOCTH Ha 220 HM?
7. Kak M3MEHSIOTCS CIEKTPEI BO30YKACHHS U (IIHOOpeCHeHIuy TPUITohaHa, eCIi OH HEPEXOIUT
u3 ruipoo6HOTrO B NOJISAPHOE OKpYKEHUE?
8. C momomipro Kakoro mpubopa MOXKHO ONPENeTHTh YASTbHBIA TapUAaIbHbIi 06HeM
OuonomMepa ¢ HaubOoJIbIIEH TOYHOCTHIO?
9. KaxoBa cpe/iHss BeNMuMHa YAEIBHOTO APIHATEHOr0 00heMa ¥ o0y spHbIX OeKOB?

10. Kaxosa dopmyna Baar l'odda, cesspiBaromas Temnosoii sddext peakuuu ¢ TeMIIepaTypHOH
3aBHCHMOCTBIO KOHCTAHTBI PABHOBECHS?

11. Yro Takoe > HeKTHBHOE H3MEHEHNE SHTAIBIAK U KAK €T0 paccuuTaTh 10 TeMIepaTypHOi
3aBUCUMOCTH (PH3UYECKOr0 NApaMeTpa UCXOS U3 HPEATONOKEHHS O KOOIEPATHBHOCTH
nepexoja?

12. B xakyro cTopoHy Gy/eT H3MEHSTBCS TeMIIEpaTypa CepeIMHEI ICHATYPALHOHHOTO nepexoja,
€CJIM JIMTaH]| CBA3BIBACTCS] CHIIBHEE C Pa3BEPHYTHIM COCTOSIHHEM?

13. Y kaxoro senatypanTa (MOYEBHHEI KM TyaHU/IHH THAPOXIOPH/IA) s dexTuBHAs KOHCTAHTA
CBSI3BIBaHUS C MOJIMIIENITHIAHOM IENBIO BhILIE?
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14.
13,

16.

17,
18.
19.

20.

21,
22,

23.
24.

25,

23,

26.
27.
28.
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32.
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34.
35,
36.
37.
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39.

40.
41.
42.
43,
44,

45

46

Kax Beirnmsanut ypasaenune st DBM (Mogiestb cBSI3bIBAHES JieHaTypaHTa)?
Kax MOXHO OLCHHTD BENMYMHY H3MEHEHHS TEIIOEMKOCTH TIPU TETLIOBOM PA3BOPAYMBAHMUE
Gernka u «1apamMeTp NPOTOPIHOHAIBHOCTHY /1 B MOJENH IMHEHHOM SKCTPAIIONISLIY, 3HAs
KOOP/IMHATHI IPOCTPAHCTBEHHON CTPYKTYpHI Genka?
Kax cBsisanbl KOHCTaHTBI IPAMO#A ¥ 06PATHOM CKOPOCTEH MOHOMOJEKYIIAPHON PeaKLuy
C €€ PaBHOBECHOM KOHCTAHTOM?
Kak BBINISMT ¥ 4TO OTpaXkaeT «IIeBPOHHbIH rpadmKy?
KaxoBel pasinuuunst MEX/y TepexoiHbIM U IPOMEXYTOUHEIMH COCTOSHUAME Gerka?
Kaxumu dusuueckumu coobpaxeHusME 060CHOBRIBAIACH HEOOXOAUMOCTE HCIIONB30BAHMST
apmabatHoro u udQepesnnaIbHOr0 IPHHIUIIOB MPH CO3IAHHK COBPEMEHHOTO
MUKPOKAJIOPUMETPA /IS HCCIIEOBAHUS GHOTIONUMEPOR?
Kaxoit pusuyecknii mapamerp Ha caMoM Jielie u3MepsieTcs ipu pabote AudbepeHIHambHbIX
MuKpokanopumeTpos? Kak ocymecTsisiercs kammbposka?
Yem 06ycroBIeHO HATHYHE XOIOAOBOM EHATYPAIHH Y GEIKOB?
Kak MoryT BBITIISIZIET TEMIIEpaTypHbIe 3aBUCUMOCTH TEIIOEMKOCTH MyJIBTHIOMEHHBIX
6enkon?
Kax mpoBoauTes neKOHBOMONAS CIIOXKHBIX KAIOPUMETPHUECKUX KPHBEIX?
Kak onpenensiorcst TepMOJUHAMUYECKUE TTAPAMETPBI B3AUMOIEHCTBIS GEII0K-TTUTan ]
C IIOMONIBIO TUTPALIMOHHOH MUKPOKATOPHUMEPHH ?
[IpuBenuTe mpuMep OMpeieeH s TAPaAMETPOB BA3UMOJICHCTBUS GEIIOK-TUTaH/] ¢ TTOMOLIBIO
CKaHUPYIOUEH MUKPOKAIOPUMETPHH.
B kakux npezienax MOKHO H3MEPATH KOHCTAHTBI MEXKMOJIEKYJIAPHEIX B3aHMOIEHCTBHI
METOZIOM IIOBEPXHOCTHOI'O MIa3MOHHOTO pe3oHaHca?
HasoBute mocrouncrea u Hepgocrarku merona [I1P.
KakoBel pasiudus MEX/1y OTHOCHTEBHOM, YIAEIbHOH ¥ XapaKTepPHCTHYECKOH BA3KOCTIMU?
Kaxk ycrpoens! BHCKO3HMeETp 3UMMa H €0 COBPEeMEHHBIH aHaIor?
KakoBa 3aBHCHMOCTE XapaKTepUCTHYECKOIL BS3KOCTH OT MOJIEKYIAPHON MACChI PA3BEPHYTOr0
Genka?

Kakwne meTozst onpezienenns koo GuuueHToB nocrynareabaon guddysun 6uononumepon
BaM U3BECTHEI?

UeM pasnuyaroTesl METO/IbI 30HANBHOIO CKOPOCTHOTO IIEHTPH(YTHPOBAHUS U
LEHTPU(YTHPOBHHSA B TPAJUEHTE TUIOTHOCTH XJIOPH/IA LEe3Us?
B yeM 3akmogaeTcss METOJ| CpeIHE TOUKHM I ONIPEENeH s KOHCTAHTHI CeAUMEHTAIAN?
Kax paccuutars MOJIEKYIISIPHYIO Maccy 1O JaHHbIM CeAUMeHTAMH 1 audby3nn?

Kaxos npunuun pasnenenus 6enkos B meTose SDS- anextpodopesa?

Yro Takoe auck-snexTpodopes?

Kak nposomuTes u3oanexktprueckoe Gpoxycupopanue?

B Kakux 1ensax uCrob3yeTcs AByMEpHbI snekTpodopes Genkor?

Kakue napameTpr! cTpyKTypb! Gelika MOXKHO OIPEENHTH ¢ TIOMOLIBIO CTATHYECKOTO
CBETOpACCESIHUA?

Kakyio napopmanuro o moseneHun Genka B paCTBOPE MOXKHO H3BJIEUb C TIOMOIIBIO METO/IA
JAUHAMHYECKOTO CBETOPACCESTHHS?

Kak BenyT cebst 3apsoKeHHbIE YaCTHIIbI B IEKTPOMArHUTHOM 1oJie (3akoH Jloperiia)?

B kakux uccrneoBaHuIX MOXKHO IIPHMEHSTh COBPEMEHHYIO MACC-CHEKTPOMETPHIO?
Hasoeure Qusuueckue sienus nexalye B OCHOBE SIEPHOTO MATHUTHOIO PE30HAHCA

YTo Takoe XUMHYECKHH CIBUT?

Kakue tuner nBymepHbix criekTpos SIMP uCrioss3yroTes Ulst OnpeieeH s
IPOCTPAHCTBEHHON CTPYKTYPEI OEIKOB?

. Kaxne usndeckue XapakTepucTHKi GHOMONMMEPOB MOXKHO OTPEAEIHTH C IOMOIIBIO
METO/Ia MAJIOYTJIOBOIO PACCESHUs! PEHTITEHOBCKUX JIy4deii?

. Kaxne xonebanns oTBETCTBEHHBI 3a CIIEKTP MOTIONMIEHHUsT GeNKOB B MH(paKpacHoil o6nacTu?



47. Kakue 571eMEHTEI BTOPHYHON CTPYKTYPHI GEIKOB OMPEENSIOTCS TOIHEE BCETO C MIOMOLIBIO

MH(PaKpacHOH CIEKTPOCKOIMHU?

48. Y10 Takoe KOMOMHALMOHHOE paccesHue cBeTa?
49. Kakue npenmymiecTsa umeeT KOHMOKAIBHBIH (IH00OPECIIEHTHEIH MHKPOCKOI Tepe POCTHIM

CBETOBBIM MI/IKPOCKOHOM?

50. Ha3oBuTE OCHOBHBIE METOMIBI BBEJICHHS (DIIIOOPECIIEHTHBIX METOK B OMOJIOTHYECKHE

00BEKTEI?

51. Yto Takoe KpHOATEKTPOHHASI MUKPOCKOIIUS H KAKOBEI €€ IPENMYIIecTBa?

IIpumepHbIe TEMBI IOKAAL0B

1. Y®-ciekrpockomnus 6eikoB 1 HyKIEHHOBEIX KUCIOT. ONpesiesieHue KOHIEHTPaliH.

2. Merozp! onpeeneHus: BTOPUYHOM CTPYKTYPBI 6EIKOB.

3. Kondopmanuonnsie mepexons! B Oenkax 107 JeHCTBUEM TeMIlepaTyphl H

JIeHaTyPaHTOB.

4. Meronel oONpefeNeHHs TEPMOJMHAMHYECKAX apaMEeTPOB MEXMOJIEKYIISPHBIX

B3aUMOJEHCTBHHN,

AHaNUTHYECKOE HEeHTPU(YrUpOBaHUE B TPAIUEHTE [IJIOTHOCTH.

Mertozip! QiI0OpECIeHTHONH MEKPOCKOIUH

. Cratmdeckoe cBeTopaccesHue B KOMOHHAIUK ¢ BBHICOKO(D()EKTHBHOMN KUIKOCTHOM!
xpomarorpadueit.

Now

Tunosrpie Bonpock! JJIs1 NPOBEJEHHs NPOMEXKYTOYHON aTTeCTaAlHM:

I

10.

11.

12.

Paz6asnennsie pactBops! Gronomumepos. pH u nonnas cuna.. KucioTHO-0CHOBHOE
paBHoBecHe. pK ciabpIx KUCIOT M OCHOBaHui. BydepHsble pacTBOpbl. DHTANBNNSA
HOHM3AIMY ¥ 3aBUCHMOCTH PH 0T TeMiepaTypsl.

AbcopbrmonHas criekTpockonus. [Toriomenue 3IeKTPOMarauTHOrO U3y YeHuUs
OMONIOrHYeCKMMH MaKPOMOJIEKYJIaMH.

Kosdppuuuente: sxcrunkiuu. 3akon bapa-Jlambepra. IToriorenue B yisTpaduoneToBoi U
BHIIMMO# CrieKTpaibHbIX 00macTax. Cnexrpodoromerpsl. Pacuer koaddurmenta
IKCTHHKIMH U U3MEPEHUE KOHIEHTPAIK OEIKOB i HYKJIEHHOBBIX KHCIIOT.
['unepxpomubrii 3QMEKT 1 ero HCIOIB30BAHKE B HCCIIEOBAHUH KOH(DOPMAITMOHHBIX
[IEPEXO0JIOB B HYKJIEMHOBBIX KHCITOTaX.

Onruyeckas akTHBHOCTB. Kpyrooit muxponsm. OleHka cojiepikanus 271eMEHTOB
BTOPHYHOH CTPYKTYpHI B Oenkax.

[Tornomenue u momunecnerms. Cxema yposHei snepruu S6nonckoro. [TapameTpsr
JIFOMUHECLEHTHOM CHEKTPOCKOIHH.

Onpejenenye nongpyu3aiy ¥ aHU30TPOIIUH JFOMUHECTICHIMY. Bo36yxnenue u horordop
diroopodopos.

Tepmonunamuyeckne GyHKImHU coctostaust. DHeprus ['ub6ca u CBI3b ¢ Heif KOHCTAHTHL
PaBHOBECHS. JHTANILIIUS U SHTPONHUS. VIHTEeHCHBHEIE H SKCTCHCHBHBIE ITAPAMETPEI.

Y nenbHeli napuuanbHbli 00BEM U XUMHYECKUM IIOTEHIHAL.

KoonepatusrocTs KOHDOPMAHOHHEIX [IPEBPAIEHIH B GUOTIONMMEPAX.
Monomonexynsipuas peakipst. @opmyiia Bant [Nodda.

Biusiivie pH, HOHHOH CHIIBI ¥ THTaHIOB Ha CTA0MIBHOCTE CTPYKTYPBI GHOTIONUMEPOB.
PasBopaunBanue CTpyKTypHI TI0J] IeHCTBHUEM ACHATYPAHTOB. MeTO/IBI PErUCTPAIlH U
MareMaTH4ecKoi 00paboTKU KPUBBIX MITABIECHHSL.

Kakwue (akTopbl BIMSIOT Ha CTAOMIBHOCTE CTPYKTYPBI GHOMAKPOMOJIEKYT?
PasgopaumBanue cTpykrypsl OeKoB ieHaTypanTamMu. MeTo TMHEHHOM SKTPpanoIAnaH
omnpejieieHue u3MeHeHus sHeprun ['mboca.

Kunernueckue mapaMeTphl IepexooB U UX CBA3b C KOHCTAHTAMH paBHOBecHs. MeToj
OCT@HOBJICHHOM CTPYH M pacyeT KOHCTAHT CKOPOCTEH U3 JaHHBIX IO YCTAHOBJIEHUIO
pasHoBecusl. IlleBporHbIil rpadux.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cxema coBpeMeHHOr0 CKaHHPYIOIEro MUKpoKanopuMeTpa. Heo6XoquMocTh CoBMEIeH s
ajuabaTHIeckoro u M(GepeHInaIbHOrO IPHHIMIIOB U3MEPEHHUS IS IOy IEHHs BHICOKOM
IyBCTBUTEILHOCTH U TOUHOCTH M3Mepennii. Kamubposka npubopa u pacuer
TEMIIEPaTYPHOH 3aBUCUMOCTH MapIUaTbHOM TEMIOEMKOCTH.

IIpsimoe ompenenenue Temnosoro addexra pasBopaunBaHus CTPYKTYpBI GHOMOIUMEDA.
Mozeinb ABYX COCTOsIHUI 1 pacueT IQHEKTHBHOTO H3MEHEHHUS SHTANBINH U3 (OPMBI
KpuBO#. Xoso10Bast qeHaTypauus OenKoB.

Crnoxuple TeMIiepaTypHbIe 3aBHCHMOCTH TETUIOEMKOCTH [T MYJTBTHIOMEHHBIX GEJIKOB 1
HYKJICHHOBBIX KUCIIOT. AJITOPUTM JICKOHBOJIIONHMHY KATOPHMETPUYECKAX KPUBBIX U HX
MOJIrOHKA ITO BEIOPAHHOU MOZIENIM MHOIOCTaTHHHOTO TIEPEX0ia ¢ IIOMOIIBIO
MHHHUMHU3ALUOHHBIX aJITOPHTMOB.

Casi3biBatue JuranoB Makpomornexynamu. ['pagux Ckaraapaa. VzorepMudeckuii
THTPalMOHHBIN MUKpoKanopumerp. O6Imas cxema ¥ MpHHIKT paboTEhL.

[lonyuenue u MaTeMaTuyeckas 06paboTka JaHHEIX THTpOBaHMS. Pacuer
TEPMOJIUHAMHYECKHX ITAPAMETPOB B 3aBUCUMOCTH OT MOJIEIIH CBSA3bIBAHKSA C IIOMOILIBIO
MUHUMU3AIHOHHBIX aJITOPUTMOB.

[IpuMenenue ckaHupyIOLIeH MUKPOKATOPHMETPUH ISl ONPEIETCHHS TEPMOINHAMUYCCKIX
HapamMeTpoB MEXMOJIEKYISPHBIX B3aUMOIEHCTBHIA.

Dusuyeckuit TPUHIMAIL, JISKAIHI B OCHOBE METO/Ia TIOBEPXHOCTHOTO TIIA3MOHHOTO
pesonanca. CoBpeMeHHbIE IPHOOPHI HA OCHOBE MUKPOYMIIOB ¥ CIIOCOOBI HIMMOOHIIH3AIUH
buononumepos. OmnpeseneHne paBHOBECHBIX M KUHETHYECKHX NTapaMETPOB
B3aUMOJICUCTBHS aHAIUT-Uran]]. Jlnana3zon u3MepeHus: paBHOBECHBIX KOHCTAHT.

Hucno Peitnonca. I'maparanus. Bzanmoseiicrie 6HOMakpoOMOJIEKYII ¢ PACTBOPHTEIEM.
l'uaponuHaMudgecKkue 3KCIIEPUMEHTEL. [ HIpoIMHaMUYECKIe TapaMeTpEL.
I'uapoarHAMUYECKH SKBUBATICHTHBIE TEJIA.

OTHocHuTeNbHAs, XapaKTEePUCTHIECKAs U yENbHAs Ba3KkocTh. DopMyina DifHimTelHa.
Oyuxnus CuMmxa.

Tunst 1 KOHCTPYKIMK BUCKO3HMETPOB. I'paiieHTHAs 3aBUCHMOCTE BS3KOCTH. BUCKO3UMETp
3uMa M COBPEMEHHBIH poTanuoHHbIi npubop. Bsaskocts JJHK,

Kondopmarus rayccosa kiry6xa. 3aBHCHMOCTS XapaKTEPHCTHUECKOH BA3KOCTH OT
MOJICKYJISIPHOM Macchl 1u1s OEIKOB B IyaHUIMHTHIPOXJIOPUJIE ¥ MOYEBHHE, BO3MOXKHOCTH
OIIPEIETIEHUs MOJIEKYIIPHOM MAacChl B 9THX PACTBOPUTEIISX.

CoBMeCTHOE HCTIONB30BAHME KOHCTAHTEI OCTYATEBHOO TPEHHs 1 BsI3KocTH. Dopmyira
[Ieparu-ManuienskepHa.

24 Kospdunuent nocrynarensaoi quddysun. Merozs! onpenenenus ko3hGHIHEHTOB

25,

26.
27.

28.
29,
30.
31.
32,

33.

NoCTynaTeNnbHo# qudQysun. Ypapaernue DiiHinreiiHa-CMOIYX0OBCKOTO.

MakpomoneKyisl B rpaBUTAIIHOHHOM I10Jie yibTpaleHTpudyru. CeMMeHTanus B
TpaflieHTe IIOTHOCTH B CKOPOCTHOE 30HAIBHOE HEHTPU(PYTHPOBAHHKE.

Potoper u suetiku. CHCTEMBI ONITHYECKOTO JAETEKTHPOBAHMS.

AHaITUTHYECKHE METO/IBI OIIPE/ICNICHHs KOHCTAHT CelMMEHTaIu. MeTo 1 cpenHeit TOUKH
OIIpEeNICHUs] KOHCTAHTBI CEIMMEHTALMH M3 IaHHBEIX CKOPOCTHOM CeMUMEHTAIUH.
PasHosecHas cequmMenTtanus. Onpejiesienie MOJIEKYJISPHON MacChl U CTENIeHN
onuromepusanuu. Onpezenenne BeIHIAHbI TAPIHAIBLHOIO YAEILHOTo 06heMa.
Monekyisipras Macca 1o JaHHBIM ceuMenTannn u guddysun. Vpasuenue Crenbepra.
CoBpemMeHHBIE METOEI 37eKTPodopesa. MakpoMOJIeKyJIbl B 3JIEKTPHYECKOM TOJIE.
3oHanbHbIH anekTpodopes. Pasaensiomue cpemst. SDS-anexrpodopes.
M3oanextpuueckoe pokycuposanue. J[ByMepHsIii refb-aiekTpodopes. Kamaspusiii
31eKTpodopes.

Crarnaeckoe paccesuue ceera. OlpenesneHie MoJeKy IIPHOM MACChI M Pauyca HHePLHH



34. lnnammeckoe paccesnue cBeta. OIyKTyalli U BpeMEHHbIE KOPPENSAIMOHHEIE (yHKIHH.
Koppensrop. Cea3b TMHAMHYECKO#H COCTABISIOMIEH paccesiHus CBETa ¢ K03 DHUIHEHTOM
nudpdyzuu.

35. Macc-cniekrpomerpusi. IoHBI B aeKTpoMarHuTHOM moje. 3axon Jloperma. MoHou3oTomHAs

Y M3MEpEHHAas Macchl. MeTOIbI HOHH3AIIHH.

SnepHbIi MarHUTHBIH PE30HAHC KaK PA3HOBHIAHOCTH CIIEKTPOCKONMH. MarHUTHEIE CBOHCTBA

sipa: SIepHBIA criuH. ['MpoMarduTHOE OTHOIIEHHE. SIIpO B IPUCYTCTBUM MarHUTHOT'O TIOJIA.

JlapmopoBa yactoTa.

37. llekicTue paguouactoTHOro moiist B SIMP, IIponeccsl penakcanuy. XUMHUUECKUH CIBHUT.
O6nacTu pe30HaHCOB AMUJIHBIX TIPOTOHOB, AXPOMATHYECKUX KOJIEL, OL.-IIPOTOHOB,
METHJICHOBBIX M METHIIBHBIX IPOTOHOB B ofIHOMepHOM criektpe H'-SIMP.

38. Snepubiit appext Opepxaysepa (NOE) u Mexwsinepubie paccrosaus. J{symeprsiit SIMP.
Koppensimonnas crnexrpockonus (COSY).

39. PentrenoBckoe u HelitporHoe paccesnue. Judpaxuus. Ceuenne paccesuus. Korepentrnoe
¥ HEKOTEPEHTHOE paccestHue. YIIPyroe U Heylpyroe pacCeuBaHue.

40. Masoyriosoe paccesHuEe MaKpOMOJIEKYJI B pacTBOpe. Annpoxkcumanuu ['uabe u Kparku.
Omnpenenenne MONEKYISIPHOM MacChl U PaIdyca HHEPIHH.

41. Oyuxuus pacrpeenesus paccrosauil. [lonuaucnepcHsie pacTBOpbl GHOMAKpPOMOJIEKYIL.
Biusinue B3auMO/ICHCTBUS MY PACCEUBAIOIIMMY YACTUIIAME Ha KPHBYIO PACCESTHUS.
Pacuer xpuBO#i paccerBaHHs IO KOOPAUHATAM aTOMOB.,

42. MudpakpacHast CIEKTPOCKOMUs. AKTUBHEIE U HEaKTHBHEIE MOJIEI. KomebaTensHbie MOIBI
OHOTOruYecKUX MaKpOMOJIEKYIL.

43. Merop! ananmusza UK-criextpos. ITonocsr MK-cexkTpoB, XapakTepusyrolye BTOPHYHYIO
CTPYKTYpy OENKOB.

44, KoMOuHAIMOHHOE pacCesiHUe CBETa M €0 OTIMYKE OT PIJIEEBCKOro (YIIPyroro)
CBETOPACCESTHMSL..

45. @nyopecuenTHas MEKpockonus. Cxema Mukpockona. JIByx- u Tpex(oToOHHOE
BO30YiIeHNE (DIIyOpeClIeHIUH.

46. Jlazepuslif ckaHUPYIOIUI KOHOOKAIBHBIH (III0OPECIEHTHBIH MEKPOCKOI.
DIII0OPECIEHTHBIE KPACHTENN W METOIBI HX MMMOOMIH3AINK HA MAKPOMOJIEKYJIaX.

47. DnexTpoHHas MHKpOCKONHus. B3auMoieitcTBre 351eKTpOHOB ¢ BemecTBoM. Cxema
5JICKTPOHHOTO MUKpOcKoma. XpomaTudeckas abeppanus. [IpocBeunBarolnue u
CKaHUPYIOIIUE IEKTPOHHBIE MUKPOCKOTIBL,

48. CucreMbl perucTpary H306paXkeHus! B SIEKTPOHHON MUKpocKomuy. [IpuroToBieHme

06pasios. Kpromukpockonust. IMMyHO3JIEKTPOHHASL MHKPOCKOIIHSL.

Tynnensnas u aToMHO-cHIIOBas MUKPOCKOTHS. CrIoco6BI MOMyUeHHs H300paKEeHHs.

ITomosKKH M IPUrOTOBIICHHE 0OPa3IIoB.

36

49
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