Nrax, 8 ®PCHR Rocturaercst CTPpYKTypHOE COOTBETCTBHE, Peaim-
syeMoe B DojocTH MojeKyianl ¢epMenta. Hax wpboxassiBaer como-
cTaBlenHe BCEX HM3Yy4eHHBIX peHTreHorpadmyecKdn CTPYKTYP, HX 06-
mas oco0eHHOCTH COCTOMT B TOM, YTO BHYTPEHHAA HOBEPXHOCThL IO-
JoctE o0pasoBaHa OpPENMYIIECTBEHHO HEHOOJAPHBIMH  OCTATKAMH,
Beaenctene ruapodo0HEIX B3aMMOENCTBHI DONAPHBIE OCTATKH BHI-
Begensl Hapymy. HeDomsproe «HYyTpo» GeNKOBOH MOJNEKYJIH HMEET
Malyl0 AHANeKTPUYECKYH0 [POHMIIAeMOCTh, 4TO 00JerdaeT HJIEKTPH-
geckme Baammofneiictsusa, DepmenTt gBaseTca He TONBKO coeradHge-
CKAM pearedToM, HO H cpefoil peaknad. Ilepyrn mucan: «Mu Moxewm
cupocuTs ceGs1, modeMy XHMHYeCKHe PeaKIWd, HOpMATLHO Tpebylo-
ImM@e MOIMHBIX OPTAHHYECKHX PACTBOPHTENed MIHM CHIABHHIX KHCIOT
M OCHOBaHMWiIl, MOryT HpOTeKarb B BOJRHOM pacTBope s0amsm Heii-
Tpansroro pH B npucyrcrtsum ¢epmenTHbix wararmsaropoB. Opra-
HU4YeCcKUe paCTBopIITeJIE AMEIT npem\iymecwa oo CpaBHeHEIO ¢ BO-
Jo#l, ofecmedmBasg cpegy ¢ HEH3KO{ JHDIEKTPUYECKON UpOHHTAe-
MOCTBIO, B KOTOPOH MOryr HMeTh MECTO CHILHEIE DIeKTpHUeCKUe
B3aEMOJENCTBHA Me)Kpy peareHtamd. Hemomapmwe BHyTpeHHHe 06-
JactE epMeHTOR 00ecnednBal0T KUBYI0 KIETKY SKBHBAJeHTAMH Op-
TaHW4eCKHX PACTBOpHTeNell, IPAMEHAEMBIX XAMUKAMHY,

Bce atu mpefcraBneHns HMEIOT MOJeNbHBEIH, KadeCcTBEHHHIT xa-
paxkTep m caM® 1o cefe He 03HAYAKT NOCTpoeHHA (PW3HYECKOH Teo-
puu QepMeRTaTUBHOTO kKaranmsa. IlyTw, Benymme Kk Takoi, emie mHe
CO3JanHO# TeopHH, OOHCAHE jajee.

§ 6.5. ®uznka gepmMenrt-cyGeTpaTHOrO B3aHMOEcTRHA

(Duzuveckoe csoeofpasne (PepMENTATHBHOTO KAaTaiH3a OUpPEENs-
€Tcs Iperie BCETO poiabio THoOyAsl, pasMeps! KOTopoil Ha mops-
oK Goapie pasmepoB cyfcrpara. FcrecTBenHo Bo3HHKaeT Bompoc o
nprynHax Gouapmioil 3¢PQeKTHBHOCTH HMEHHO TAaKOi CHCTEMBI upH
OCYI[ECTBICHAN XPMHYeCKOTO NpeBpameHus B BOJXHOH cpeje, mpH
HOPMANBLHOM JasleHHH ¥ (PH3MOJOTHYECKOH TeMmeparype.

Ilpr cop6uiu axkTHBHBIM HEeHTPOM Molekyjfa cy0crpara mepexo-
BT W3 BOJHOTO OKPYKeHHMsa B OKDPY:KeHHe, CO3JaHHOe AMNHOKHCIOT-
guME ocraTkamu. CyGecTpar OKA3pBAeTCs B OKPYREHHHN ¢ Mauloi
JHADNEKTPHYECKON TPOHHIA6MOCTHIO, B KOTOPOM MOI'YT OCYIIECTBHTH-
Csl cHUAbHble JJIEKTPAYECKNE B3aUMOJeHCTBHA MeIKIy pearentaMm o
nonApubiME Tpynuamm ¢epmenta. PassuBas mmeno «depment — pa-
ctBopuTenby, IlepyTi DPAXORHT K 3aKITIOYEHHMIO O TOM, UTO DIEKTPO-
CTaTH4eCKHe B3aMMONEHCTBHA [AIOT THABHBIA BKIaf B HHEPTETHKY
$epMeHTATHBHOTO KaTalW3a, T. €. B NOHWKEeHHE HHEPTHH AKTHBALWH,
BeissIBaemoe ¢epmeHToM, OTimume ¢epMenTa OT BOJHOTO pacrsopa
COCTOHT B TOM, 4T0 B aKTHBHOM HeHTpe (epmenrta pacmolaraTcs
numoim ¢ (PUKCHPOBAHHOG OpHeHTAUMel N0 OTHOMEHWI) K 3apAMeH-
HHIM TpynmaM cyGcTpara, HKasKe eci¥ WOJe 9THX 3apAJ0B  MAalo,
Benencreme Taxoit opmenTanEm epMeHTH! MOTYyT CTa0MIM3MPOBAThH
Tapsl WOHOB W JpYyTHe pacmpejieNeHHs 3apAN0B DHAYHTENBHO (0ib-
e, geM BoJa. B BONHBIX pacTBOpax 9ITEKTPOCTATHYECKOE HPHTIHE-
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HHe HeBeJHKO, TAK Kax JM00as CHia, c03/aBaeMag cOnm:KeHHEM IIpo-
THBOUOJIO/KHBIX 3apAJOB, YPAaBHOBELIMBAETCA IepeopHeHTanMed u-
noseit pacrBopurens. B ¢epmenrax Takas mepeopmeHTAUHMs HeEBO3-
mo:xHa, IlpoBejenHsle Ha 5TOH 0CHOBe KOJAHYecTBEHHEIE pacdeThl:
JJg TU300EMA MO3BOJHIHM OUEHUT, CHEMKENHWEe DHEPIAH AKTHBALIAH
KATAAU3EPYeMoil DeaKnud B corjacud ¢ omeitom (Bapmen).

Benrosag raofyaa mpejcraniusgeT coboit [UHAMHYECKYI CHCTEMY.
HmMeercs PAR 3acAYKMBAKIIUX BHUMAHHA HOOBITOK (PE3AYECKOro
ACTONKOBAHHA IOBEJEHHA TAKOH CHCTEMBI IIPH ee B3aWMOAEHACTBHHA
¢ cybcrpaToM.

QOuesmaHO, 4TO DHEPrHs, KOTOPYIO (EPMEHT MOMKET HM3PacXomo-
BaThb Ha ycKopende peakpmm (r. €. Ha sddeKTHBHOE NOHM:KEHHE
aKTHBAmEOHHOTO Oapnepa), MoMKeT HMMeTh eIHHCTBEHHOE NPOMCXO-
Jenme — 3TO dacTb cBoOONHOM DHEpPTrHH, BHIENAEMOiT mpH coplmum
cyberpara Ha ¢Qepmente. IIpepnmonoxenne o HaxkomIeHWH TEmIOBOIX
DHEPTUH OKPY:KAMImmeil cpeasl B (epMeHTe H ee HCOONL30BAHHH B
peaKknEm 03Ha4amo Gbl BEYHHIN ABHTaTeNb BTOporo poxaa. Mrak, omep-
rUs BHjienAeTcs npu copbumm cyberpara. Beima mpemmoskema rmimo-
TE3a, COTIACHO KOTOPON 9Ta HHEPTHA TpaHc(OpPMHpPYETCA B DHEPrHIO
yopyrux kouaeGanmit rao@yxsl, Bemymeir ceGs mogoGHO Kamme KHM[-
Koct®, HacToTH TAKHX Koie0aHMil momamaloT B TUIEP3BYKOBYI0 00-
aacts — go 10'* ¢~'. Crosgyme BomHE B Kamie MOIYT 00pa3soBaTh
OyYdocTs B 06MACTH AKTHBHOTO IEHTPA M DHEPrHdA YIPYTHX Kolne-
Ganmil MoKeT aKTHBHDOBATL Monexyny cyberpara. Kommwecrsennnre
Ol[eHKH, OCHOBAHHBIE HA BTO#M Hjee, IMOKA3aJH, 9TO DHEPIHA yOpy-
rex KomefaHWM# TAOOYINH peficTBETENbHO Moxier pocrHrath 20—
40 w/lx/Monn u ofecnedmBaTe 3HaunTenpHoe monmenwe sdidex-
THBHOTO aKTHBANHOHHOTO §apbepa.

Tunoresa sTa mpEBIeKaTenbHa, HO IIOKa He MMeeT JOKA3aTeJbCTB.
Ocraercs HesACHBIM TAaKXKe, ¢ KAaKOH CKOPOCTHI0 yOPYrag DHEPrEA
rao0yJK guccAnApPYeT B OKPY:RAIOINYI0 cpedy.

IMpuBeneM Bce ke MPOCTYHd OMEHKY YCHOPEHHMA PEAKHUH, OCHO-
BaHHYI0 Ha OpPERNONOKEHHE © TpaHcopManum sHeprmm copOmum
B sueprmro OCH. [lpepnonommmM, uTo cTpyETypHOE COOTBETCTBHE
depment — cybGerpar 8 @CH npmeomar u 6emok, # Mamylo Moaexy-
Jy B Hamps:ReHnoe cocrosnme («dwba»), Ilycrs mimHa HepactaHy-
TOfl MONeKylInl cyOcTparta paBHa [, aaumHa moixocte epMenra, B KO-
Topylo Bomex cyGerpar, l. Vsmenenms pmumHH Modekya cyGcrpara
u depmenta paBHm cooTBercrBenHo z B y. Torma 2+ y=I1l—-4 u
YCOBHE PABEHCTBA YUOPYTHX CHJ HMEET BHJ

ksz = key, 16.39)

rae ks m kg — rospdumnuentsr ynpyrocrm cyGerpara m Qepmenta.
Haxompum

1—1 kg 1—1,

© S TRy Y T R T Ry 040

Yuopyras sHeprms cyGcTpara, ONPefeiaioN[as NOHEKEHHEe DHHEPTUH
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AKTHBANWH, PABHA

I—1. \?2
AE == 1/2’€sx2 = 1/2’fs (ETS?(L—E) N (6_4’1)

Tlopsapmor ke oTBevaeT NPOM3BENEHUMIO IUHEHHOTO pasMepa TaO0YILT
Ha Momyap ympyrocrw Le. JQug Geaxa L =5 nu, e ~ 10° Im - ca.
Crneposarensno, ke~ 5 - 10~ H/cm. HanGonomas smeprus ympyroit
nedopMauMn COCPeOTOYNBAETCSE B maubonee caaboM MeCre Mone—
kynu cyOcrpata. Jledopmanus BameBHTHBIX YIIOB IMPOHCXOMUT 3Ha-
YHUTeTHHO Jerde, 4eMm BaJNEHTHHX cBsseil. Bmecte ¢ rtem smeprus,
sajacenHag Ha YTAOBEIX CTeNEHAX CBOGOIH MOJEKYJNHI, MOMET Te-
pefiTM Ha BaJNEHTHYIO CBA35 ¥ YMEHBIINTH HSHEPTHI0 AKTUBANNH ee
paspuBa. Hoagdunuenr ymnpyroctu ks, oTBedamuiitii AU3KOYACTOT-
HeM gedopMamuonHeM komeGamuam (v ~ 10** ¢™), pasem mupumep-
no 015 H/em. Jomyerum, uro AE = 31,5 wdx/Mons (mpm ymenb-
ImreHuy SHePruil aKTUBAIMM ‘HA TAKY0 EQIHYHHY CKOPOCTH peaKiuir
ysemumpaerca B 10° pas). Torma z = 0,08 nmM, y = 0,23 BM, yupy-
ras aneprus depmenta '/ key® ~ 88 r/lw/mons. 3uaunr, cymmapnas
DHEPIus, PAacXolyeMad Ipa copbnud Ha yHpyryio pedopMmanuio, co-
crapaser 171 k/l#/mMonb. ITa Beavunna HE YpesMepPHA, €CIU YUECTb,
yTo copOuuMs OPOHCXOJAHMT 3a CYET MHOTOTOYEUHOTO CBA3BLIBAHWAL,
T. e. 00pa3oBaHUA MHOTMX XUMHYECKHX HM CHa0LIX CBA3EH MEMIy
depmentom u cyGerpatoMm. Habmomaemas omeprus copGuuu mpejg-
craBifgeT co0oil PasHOCTH HCTHAHOM YHePrAM COpOIMM M 9HEPIHA
yupyroit geopmanun gepmenta u cyderpara.

Paccmorpennas Mopmens «nniGH» — cTatudeckasg, Ecaum mpegno-
JOMUTH, 4TO YIOPYTasg CcUCTeMa [UHAMUYECKAssT M BOSHHKAET De3o-
Hadc KomeGammii MoNeKynm cyGcTpata u (hepMmMeHTa, TO If TAKOLO
e YCKOpeRUsa peaxnuu morpefyerca CPejHfAs yupyrasg 3HepTus,
B uYeThHlpe Pasa MEHBIIAZ, YeM B CTATHYECKOM CIydae, TaK KakK Oue-
HU TePHOANIECKN y/BAUBAIOT aMILTUTY/Y KoneGaHuii.

B 3toi1 marnafHoit' MoAenm paccMaTpPUBAIOTCA KONeGAHUS aTOM-
HBIX A7ep, BO3HUKAKINNe B pesynsTate obpasosamnma DPCK, 1. e.
BpzaumopeiicTeua pepmenta ¢ cyberparoMm, [{pm arom BaaumopneiicTBmu
H3MEHAITCA COCTOSAHUA 3IEKTPOHHBIX 00oM0o4er cyGcTpaTa W aToM-
HEIX TPYIN AKTUBHOrO [eHTpa. JIeKTPOHHBIe O0OJOYKM MCIHITHIBA-
10T BO3MymieHnue BcuencTsue maaumopeiictenit B MCH. Iipespamie-
H@e cyGeTpaToB B OPOAYKT eCTh XWMMUECKHMit mpormece, T. €. H3Me-
HeHhe COCTOSIHMA DIEKTPOHHEIX 000m04eK Moleryn. Hak u B moGoit
MOl XUMHUYECKON pearuyuy, IpH ITOM HPOUCXOIAT MepPeMeIeHs
aroMubrx agep. Cpean ABMKenuit aTOMHKIX Ajep HaWMeHbINEH pHep-
rud TpeGy0T HU3KOYACTOTHEIE [eOpMAlUOHHKe KomeDaHusg U HO-
BOPOTH BOKPYTr eIMHIYHBIX CBA3el, T. e. U3MeHeHUs KoH(popMmamui.
B § 6.4 ymxe paccmarpupamucs KOHMOPMATHOHHBIE H3MEHEHHS B
OCH. Bamneitmee suaueHRue i (epMeHTATHBHOTO KaTaldmsa HMe-
10T B3aUMOEHCTBUA DIEKTPOHNEIX ¥ KOH(DOPMAIMOHHBIX CTeneHeil
CBOGOIBI — a4eKTpoORNO-KoHGopmayuonnble eaaumodelicrsus (IRB).
9KB paccmorpenw B paGorax BoaskeHmreiina, a Takme bBioven-
denpga, UepHaBCKOTO M MX COTPYRHUKOBR.
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