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WccnepoBaH opueHTaLMOHHbIN Nepexod B Cioe xupasnbHoro xugkoro kpuctanna (XXKK) ¢ otpuuatensHoii
LOVBNEKTPUYECKON aHU30TponMell B NIaHAPHOM 3/IEKTPUYECKOM NoJie, NEPREeHANKYsipHOM ocu cnupanu. [og
LeiCTBUEM 3NIEKTPUYECKOrO MOJISH 3aKPyHYEHHOE 27T-COCTOSIHME NEPEXOANT B TOMOMOMMYECKI SKBMBANEHTHOE pac-
kpy4eHHoe 0-coctosiHne. Bo3moxxeH n obpaTHblii nepexon n3 0-COCTOSIHUSI B MCXOAHOE 27T-COCTOSIHME, KOTOPbIV
BO3HUKaeT bnaropapsi dnekcoanekTpuyeckomy sppekty. OTanumTensHo 0cobeHHOCTbIO JaHHOro Tuna bu-
CTabUILHOTO NepeKJIYEHNS ABSETCS OTCYTCTBME B3aMMOAENCTBUS € 0BpaTHBIMU FMAPOAUHAMUYECKMM MO-
ToKaMu, 4To Bblio HeobxoauMbIM yCNOBUEM B OBHapy>KeHHbIX paHee adhdpekTax buctabunsHocTu. B pabote
NpeAcTaBieHbl Pe3y/bTaTbl HNCIEHHOTO MOLENNPOBaHUsS 1 dkcnepumenTa. OBCyX[atoTCs ONTUYECKME TEKCTY-
pbl 1 Bpemsi Xu3Hn packpyderHoro 0-coctosiHus B ciosix XXKK pasnnyHoi ToNwmHbl, a Takke 0cobeHHOCTN
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1. BBEAEHUE

B mauasre 2000-x 1o/10B MHOTOYHUCJIEHHBIE UCCJIEI0-
BaHusi B obsactu kugkux kpucramios (ZKK) 6eum
CBSI3aHBI C PA3PA0OTKON HOBBIX THUIIOB [UCILIEEB C IIO-
HIZKEHHBIM SHEPromnorpedsieHneM, 00JIaJaionnx CBO-
cTBaMu 3J1eKTpoHHOI Oymaru [1]. B kauecrse omHO-
ro m3 CHOCODOB 3HAYUTEIHBHO YMEHBIIUTH IHEPrOIO-
tpebsrenne takux 2KK-aucnieeB paccmarpuBasics pe-
JKUM OUCTAOUIIBHOTO TepeKirodenus [2]. Oramanrens-
HOIl 4YepToil 9TOro pexKuMma SIBJISIETCS [TePEKJII0YEHNe
MEXK/Iy ONTHUYECKH pasjmanMbiMu cocTosiausaMu KK,
KOTOPbIE MOI'YT CyIIIeCTBOBATH B T€UYEHUE JIJIUTEILHOIO
BpeMeHU, He TpeOysl SHEPIUH OT BHEIIHEr0 UCTOYHUKA.

K mepcuexkTuBHBIM MaTepuajiaM, B KOTOPBIX BO3-
MOXKHBI MHOT'OYHCJIEHHBIE METACTAOUIbHBIE COCTOSHUST
U KOTOPbIE HHTEPECHBI HE TOJBKO /I JUCILIEHHBIX, HO
U TSt PA3JIMIHBIX (DOTOHHBIX MPUJIOKEHUIA, OTHOCIT-
cst xupasbhble 2KK (XZKK) [3,4]. Hanpumep, Tepuir-
Ma u ap. [5], uccaenys asyxuacrorusie X2KK, nabiio-

* E-mail: ageivandov@yandex.ru
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JIaJ BOBHUKHOBEHUE JIOMEHHON TEKCTYPBI OCJIE BO3-
JIEHCTBUS JIEKTPUIECKOTO MOJIsT HA PA3HBIX YacTOTaX.
DT JTOMEHbI ObLIM WHTEPIPETUPOBAHBI KAK TOMOJIOT U~
YECKM 9KBUBAJIEHTHBIE METACTAOMIbHDBIE COCTOSTHIS, OT-
JIMYAIOITUECS TEJIBIM KOJUIECTBOM BUTKOB CIIUPAJIN HA
Tosmuae ¢Jiost. OTMETHM, 9TO TePeXoJ], MEXKJ1y TOTOJIO-
IUYECKU SKBUBAJIEHTHBIMU COCTOSIHUSIMU ITPOUCXO/UT
B pe3yJIbTare HElPEPBIBHON jredopMaIiu pacipeiesie-
nust gupekropa 2KK B o6beme 6e3 co3manust TOMMOJIO-
ruveckux Jedexros. B Teopernueckoii pabore [6] Ban
JlopH yKkazaj Ha BO3MOXKHOCTH HEPEKJIOUCHUS] MEXK-
JIy JIBYMsI TOIOJIOTUYECKN IKBUBAJICHTHBIMUA COCTOSTHU-
SIMHU, XapaKTEePU3YEeMbIMU COOTBETCTBEHHO YETBEPTHIO
BUTKa NpaBoii crmpau (+7/2) u TpeMsi 9eTBepTIMU
BUTKA JIeBOiT crimpasn (—37/2), T.e. I3MEHEHHUE yIiIa 3a-
KpyTKu cocrasisierT —27. [losnaee Beppeman u Xedd-
Hep [7], ¢ yuerom pesynbraros Lepunvbr u Ban TopHa,
[PEJJIOKMIIA U TIPOJIEMOHCTPUPOBAJIN HOBBIH PEXKUM
OUCTAOUIBLHOTO MEPEKJTIOUEHIS MEXKJTY TOIMOJIOTHIECKH
9KBUBAJEHTHBIM 3aKPYICHHBIM Ha YT'OJI 277-COCTOSTHUEM
U PACKPYYEHHBIM COCTOSTHUEM, HO JIJIsT OJHOYACTOTHO-
ro X2KK. Ognako ogHUM U3 HEZOCTATKOB IIPEJIJIOXKEH-
HOTO PEKUMA OBLIO TO, YTO UCXOJHBIM TEPMOIUHAMU-
YECKHM PABHOBECHBIM COCTOSIHHEM sIBJISIJIOCH TOIMOJIOTH-
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JeCKU HEeIKBUBAJIEHTHOE COCTOsIHUE, 3aKPYUeHHOe Ha
yroJt 7 (IOJIOBUHA BUTKA CIIMPAJIA HA TOJIIIUHE CJIOM),
OT KOTOPOI'O MOXKHO ObLJIO U30aBUTHCS JIUIIL C ITOMO-
MbIO HAYAJBHON MHUITUAJIUIAIIHT, TPEOYIOIIeil 0co60ro
JIEKTPUIECKOrO BO3elicTBUs («TPEHUPOBKIY 0Opa3ua
jIeKTpUdIecKuM 1osieM). Takum 06pasomM, CyecTBoBa-
HUE TPeX COCTOSIHUIl CO3JaBAJIO MPOOJIEMBbI JIJIsl TIPaK-
TUYECKOTO mpuMeHeHus 3toro ddekra. B 2000-x ro-
Jax ObLI0 mpe tozkeno Moaudurmposars 3ddext Bep-
pemana— XeddHepa [8]: aBropbl mokazain, 9TO €Can
KoHcTaHTHI yrpyroctu XzKK-marepuasa coorBeTcTBy-
o1 yeiaosuio Ks/Ko > 3, TO Lepek/ioYenne MexKLy
27- 1 0-COCTOSTHUEM CTAHOBUTCSI BO3MOYKHBIM IIPH YCJIO-
BUH, KOTJIa 27T-COCTOSIHHME SIBJISIETCSI TePMOIMHAMUIIE-
CKHU YCTONYIUBBIM OCHOBHBIM COCTOSTHHEM. Takum oOpa-
30M, B oryinune oT 3ddekra Beppemana— Xeddnepa,
He TpebOBajlaCh «TPEHUPOBKa» 00pasla s UCKJIIO-
9eHUsI TOMOJIOTTIECKH HEIKBUBAJIEHTHOTO T-COCTOSHUS
W3-3a OTCYTCTBHS MOCaeaHero. KEime oanmM crmocobom
peasim3aiun OUCTaOUIBHOTO 3P deKTa CTaO0 HUCIOJIb-
zoBanne AByxdacToTHBIX 2KK-marepumassoB mpu crre-
mududeckux rpaHndHbx ycuaosugx [9]. Beuio mpose-
MOHCTPUPOBAHO U M3YYEHO O0PATHUMOE [TEePEKJII0UEHNE
MEK/1y PA3JIMYHBIMU TOIOJIOIUIECKH SKBUBAJIEHTHBIMUI
cocroguusamu: 0 <> 2w, —7 <> +m, —7/2 > +371/2 u
ap. B konne 1990-x rojioB 6611 0OHAPYKEHBI U JIPY-
rue BapuaHThl OMCTabuiIbHBIX pexkumos [10,11]. Tex-
mosorust BiNem Ha ocHOBe MCIOJIB30BaHUS TOBEPXHO-
cTi co caaboii sueprueii crenienns [11] Gbura, moxa-
JIyii, Hambosiee OJIM3KON K MPAKTUIECKOH peasim3aliui.
O1HaKo, KaK U B OOJIBITUHCTBE OMUCAHHBIX BBIIIE CJIy-
qaeB, B MeTosie BiNem B ocHoBe JexKaJsio B3anmMOJIeii-
CTBUE C OOPATHBIME T'HJIPOJMHAMUYECKUMU [TOTOKAMH,
9TO HAKJIAJIbIBAJIO YKECTKUE TPeDOBAHUsI K MHOXKECTBY
mapamerpos 2KK-cucrembr myia peanm3saruu g derra
[TEPEKJIIOYEHUS.

B macrosmeit paboTe MbI IPUBOIUM PE3YJIHTATHI UC-
CJIEJIOBAHUSI TIEPEX0JI0B MEXK Ty TOIIOJIOMNIECKH SKBUBA-
sgentabiME cocTosiuaMu g X2KK-mareprnana ¢ or-
pUNATENbHON JUIJIEKTPUICCKON aHU30TPONIMell B ILIa-
HapHOM 3JIEKTPUYECKOM II0JI€, CO3/[aBaeMOM CHUCTEMOIt
BCTPEYHO-IITHIPEBBIX 371eKTpoioB (BIITY). OrnesnbHble
pPe3yJIbTaThl, OTHOCAIINECs K HaHHOMY 3ddeKTy, omyo-
JuKoBaHbl B padore [12]. 3aech adderr pacemarpn-
Baercsi OoJiee 1OAPOOHO. OOCYKIAIOTCS IKCIIEPUMEH-
TaJbHBIE JAHHBIE I OOPA3IOB PA3HBIX TOJIIWH, a
TakKe MPUBONATCH PE3YJIbTaThl YUCIEHHOTO MOJIEJIN-
poBaHus 0OCOOEHHOCTEl HaIMOJIEKYJIIPDHOI CTPYKTYPbI
B IIPOIIECCE TIEPEXO/IOB U JIEKTPOOIITHIECKOTO OTKJIUKA.
Ha ocnoBe cpaBHEeHUS 9KCIIEPUMEHTAIBHBIX U YHCJIEH-
HBIX JIAHHBIX [IPEJJIAraeTCsl (PU3nIecKast MOJIeJIb OUCTa-
OMJILHOTO TIEPEKTIOUCHUSI.
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2. 9KCIIEPUMEHTAJILHBIE SITYEVKUA U
SKCIIEPUMEHT

B mameit pabore MBI HCIIOIB30BAN KIMHOBH THBII
tun 2KK-sueiikn. /[aHHBI THIT S9elKH, B CIyvae UC-
oJib30BaHus xupajbHbix 2KK, 103B0JISIET IPOBOANUTE
WCCJIEOBAHUS B PA3JIMIHBIX 30HaX | pamxkana. B kax-
JIOit 30He (POPMUPYETCSI [EJI0€ TUCJIO ITOJIyBUTKOB CIIH-
paJjiu, ¢ pa3sHUIEH B OJWH ITOJIyBUTOK MEXKJIy COCEJIHU-
vu 3oHaMu. Ha puc. 1 ¢ cxeMaTH9IHO TIOKA3aHBI pACIIPe-
JIeJIEHUsT TUPEKTOPA, Pean3yIoIecs Ha Pa3HOi TOJI-
mune X2KK-cios B mepBbix Tpex 3oHax ['pamzKkaHa.
Crour ormerurhb, uTO ecyau Tosammua d cioa X7KK
MEHbIIIe YeTBEPTHU €CTECTBEHHOI'O IAra CIUPAJIN Pg, TO
obpasyercs 30Ha C IJIAHAPHBIM DPACIPE/ICJICHUEM JTU-
PeKTOpa, KOTOPYIO B JAHHOIT paboTe Mbl HA3bIBAEM HY-
JIEBOIl 30HOI, a COOTBETCTBYIOIIEE pacCHpene/IecHAe -
pekropa — 0-cocrosinuem. Paciipeiesienust jupekTopa ¢
3akpyTKoit B 180° u 360° cOOTBETCTBEHHO HA3BIBAIOTCS
M- U 27-COCTOSTHUSIMU.

e
JIEKTPUIECKOTO IOJIdg WCIojb3yercs cucrema BIIID
U3 XpoMa Ha [IOBEPXHOCTU OJHONW W3 II0JJIOXKEK
KK-suetikn.

CO3JlaHuA IIPEUMYIIECTBEHHO IIJIAHAPHOI'O

Ha puc. 16 nokazana skcuepuMmenTabuas X 7KK-
sdqeiika. B kadecTBe HIKHEN MTOJIOKKH HCIIOIB3YETCs
KBapIeBOE CTEKJIO, Ha MOBEPXHOCTH KOTOPOT'O METOIOM

doTomuTorpadun M3rOTOBJIEHA CHCTEMa XPOMOBBIX
351eKTPo10B. IIlupuHa 110JI0Ch! 9JIEKTPOIa W = 5 MKM, a
paccrosiHne MexKIy cocemnumu mojocamu [ = 10 M.

B  kadecTBe BepxHENl IMOJIOKKH HCIOJIb30BAJIOCDH
00BITHOE CTEKJI0 0e3 3ekTponoB. s rranapHoit
OPHEHTAIINA MPUMEHSIACHh CTAHIAPTHAS TEXHOJIOTUS
HaHeceHns TOHKHX (10-50 HM) NOJMAMUIHBIX CJIOEB
C MOCJIeJYIONUM WX HaTUPaHHEM MSIKOH TKaHBIO B
HaIPABJICHUN 3JIEKTPOIHBIX TOJOCOK. Hampasienust
HATUPAHUSA HA JIBYX MOJJIOXKKAX B sSdeilke HAIIPaBJIe-
Hbl B IIPOTHUBOIIOJIOXKHBIE CTOPOHBI. Ha paccrosiHun
HECKOJIBKMX [I€PUOJIOB 3JIEKTPOJHON PpEIeTKU TOJI-
mmaa 2KK-cod ocraercd mpakTHYeCKH MOCTOSHHOIA,
moToMy Ha puc. 1 6 KinH He oKazaH. Pacrpesesenue
JIUPEKTOPA 3/IeChb COOTBETCTBYET CEpeJIMHE BTOPOI
3omubl ['pamkana, rje peaju3yIONUiicd IIar CIUpPaJIn
paBeH eCTECTBEHHOMY IAry CIUPAJH Py, XapaKTePHO-
My JIJisi OObeMHBIX 00pa3IoB 6e3 BJIMsHUASI 'PAHUYHBIX
YCJIOBHIA.

Hnst paborel ObLT creruabHO 1og00pan 2KK-
Mmarepuals gaboparopuoii paspaborku (13N) ¢ orpuia-
TeJIbHOM JU3JIeKTPUIecKoil anuzorponueii. [lapamerpsr
storo 2KK mpupejiersl B TaduIie.

st oy aenns: xupasbHoii dasel (XZKK) B Hema-
Tudeckyo marpuily 13N 100aBisiii ONTHYECKU aK-
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Tabnuua. MNapameTpbl nabopatoproii XMK-cmecu 13N v BuptyansHoro XKK-matepunana

Monemns-

ITapamerp 13N HI)II‘/JIAH(K
Bpamarensuas Baskocts v, [la-c - 0.2
Koncranrer ynpyroctu K1, Ko, K3, nH - 10, 8, 15
EcrecTBennslil mar cnmpasnu, MKM Cwm. pazz. 4 2.2
Zizijzfpiziiiigﬂn;eo?{?ﬁ;MOCTH €L, € 8.2, 4.05 8.2, 41
Jwusnekrpudeckasi anu3orporus Ae —4.15 —4.1
[naBmrble TOKazaTe M TPEJTOMIICHUS 1L, 1| 1.49, 1.58 1.49, 1.58
Onrudaeckas anmsorporns An 0.09 0.09
D JreKCovIeKTPUIECKUe
ko3 dunyents eq, ez, nKi/m B 10, 40
IMupuna w nmaHapHBIX JIEKTPOIOB, MKM 5 5
Paccrosnue | mexay smekTpomamu, MKM 10 10
Tommuna d cimoa 2ZKK, mxm Cwm. pazn. 4 2

TuBHYIO J100aBKYy 1,4:3,6-1uanruipo-D-copbutos-2,5- KPUCTAJIJIOB  JJISI  HAXOXKJEHHUsl IIPOCTPAHCTBEHHO-

6uc(4-reKCHIIOKCHOEH30aT) ¢ 3aKpyduBalomieil crocot-
nocreio (HTP) 49 mxm~!. Jlns paborsl 6butn cosna-
ubl aBe X2KK-cMecu ¢ ecTecTBEHHBIM IIANOM CIIAPAJIT
2.3 u 7 MKM.

Onrryeckne W TEKCTYPHBIE UCCJIEIOBAHUS IIPO-
BOJWJIA C HCIOJIH30BAHUEM YCTAHOBKH Ha OCHOBE
nosistpu3amornsoro  Mukpockona Olympus CX31P,
ocuamennoro kamepoit Olympus OMD EM-1. Ilpo-
rpammuoe obecriedernne PhyslLab okanbHoit paspa-
6orku (C.ILIL) na 6a3e HEPCOHATILHOTO KOMIIBIOTEPA C
16-paspsiaabiM aHATOTO-TI( POBBIM IIPe0bpa30BaTEIEM
(ALIT) u 14-paspgauabiv 1 PO-aHAJOIOBBIM IPEO6-
pasosaresiem (ITAII) uCIoaB30BAIOCH JIJIsl TeHEpAIIAH
YIPABJISIONIAX MTAKETOB SJIEKTPUIECKOTO HAIPSIYKEHUS
pasuIHOil  POPMBI U AMIUIUTYIBL. Y IPABJIAIONIEE
HalpsiKeHne OT BUPTyaJbHOro reneparopa PhysLab
¢ Boixoga HIAII ycnimBaioch MHUPOKOIIOJIOCHBIM yCH-
JIUTEIEM U TOIaBaIOCh Ha 3IeKTpoabl X 2KK-saaeiikm.
st perucTpalnuu  9JIeKTPOOINTUYECKOTO0  OTKJIHKA
BMeCTO (OTOKAMEDDBI YCTAHABIUBAJICS KPEMHUEBBI
doronmo, CUrHAJ OT KOTOPOTO PErUCTPUPOBAJICH
BUPTyaJbHbIM ocrmuiorpadom PhysLab.

3. HUCJIEHHOE MOJEJINPOBAHUE

MpbI HauMHAEM C YHCJIEHHOTO MOIE/JIMPOBAHUS, TAK
KaK MMEHHO Pe3yJ/IbTaThl MOJEIUPOBAHUSI CTAJN 1P/l
ITOCBHLIKOM JIJTs 9KCIIEPUMEHTAJBHOIO IIOUCKA 00CY 7K Ia-
€MOro B JaHHOI pabore addekra.

B ocnoBe wuncsiennoro
pellieHre ypaBHEHW KOHTHHYAJIbHOW TEOPUM KUJIKUX

MO/JIeJIMPpOBaHUA  JIEZKUT
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BPeMeHHBIX pacupemeeHuit qupexkropa 2KK, a takxke
ypaBuenuit Makcsesuia Jijist OlpeJiesieHusl pacipeesie-
HUI HU3KOYACTOTHOTO HJIEKTPUYIECKOTO U OHTUYECKOTO
noJieit. Perenne 3aadn peasn3oBaHO B IPOrPAMMHOM
nakere LCDTDK nokansuoit paspaborkn (C.ILIL.).
B wacrmocTH, TpexmepHas JHMHAMUIKA JUPEKTOPA
JKUJIKOIO KDHUCTALIA N = (Mg, Ny, N,) OMNUCHIBACTCH
ypaBHeHUsSMHU Jistepa — Jlarpamxka:

A(F +g) i<6(F+g))+i (6(F—|—g))Jr
on; dx \ On;/0x dy \ On;/dy
d (0(F+g)\ _dn
E< on;/0z > ~Tar

. 1
Ze{x7yaz}agz§/j/ 1_27%2 207 (1)

ni+n§+n§:1, (2)

rae F' — II0THOCTH CBODOIHON SHEPIUH, OlIpeIesisdeMast
Kak

F = {K(V 0’ + Ko (V % m) — go)+

€0

5 (€

+ Ks(nx (Vxn)’}—E -P;— —(c-E)-E,

P;=e1(V-n)n—e3(nxV xn),

(3)
y — BpalarejbHasd BA3BKOCTD, K1 2 3 — KO3 puIuenTs!
yupyroctu 2KK, € — Ten3op amssieKTpudeckoii mpoHu-
IAeMOCTH Ha HU3KHX 9acTOTaX, €9 ~ 8.85- 10712 @/,
E — BexTop snexTpudeckoro nond, Py — BekTop drek-
COJIEKTPUIECKO MOJIPU3AINH, OIIPEIeIsieMblil (Jrek-
CORJIEKTPHIECKIMU KO3(PPUITNEHTAMHI €] 3 U COOTBET-
CTBYIOIIEH JedopMaliueil pacipeeeHus JIUPeKTopa.
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Puc. 1. Pacnpepenenne gupektopa B 30Hax [paHxana 0, 1 n 2
(a). Cxema sueiikn xupansHoro KK co BCTpe4HO-LITLIPEBO
3/1eKTPOLHON PELUETKOM, rae w — LUMPKHA NOJIOChI 3/1IEKTPOAa,
[ — paccrosiHne MeXxnay COCEeAHVMMU MOJSIOCKaMU 31EeKTPOLOB,
ToNwmHa d = py COOTBETCTBYET BTOPON 30He paHxaHa (6)

XupaabHOCTD OMPEAEIAETCA BOJHOBBIM YHCJIOM ¢, KO-
TOpOE 3aJ1aeT eCTECTBEHHBIH mar cuupajiu pg = 27/qo.
ITapameTp g 1 cOOTBETCTBYIONMIMI MHOXKHUTE/H JlarpaH-
ZKa [t CBA3aHBI C €IUHUYHON AJIMHON AUPEKTOpa N U
YUIUTBIBAIOTCH aBTOMATHYECKHU PN YNCJICHHOM Dpelle-
HUU, €CJIA B KaK/IbII JUCKPETHBIIT MOMEHT BpEMEHH BbI-
HOJIHSATH HOPMUPOBKY (2).

JlabopaTopHasi cucTeMa KOOPJMHAT XYz BBIOpaHA
TakK, 9TO OCh z HaIpaBJieHa BoJb HOpMan K X2KK-
CJIOIO, OCh T — BJIOJIb BOJTHOBOT'O BEKTOpa k 3j1eKTpo/I-
HOil perterku. COOTBETCTBEHHO, OCh Y, JIOIIOJIHSIOIIAST
K IIpaBOil Tpoiike, HAIIpaBJIEHA APAJLIEIBHO I0JIOCKAM
JIEKTPOIOB.

B manmoit pabore 3amada pacdera IUHAMUKH Pac-
[IpEeJIeICHUs JTUPEKTOPA PEIaAIach s KEeCTKUX I'Da-
HUYHBIX YCJIOBUI C JIETKOH OCBIO B HalIPaBJICHUU JICK-
TPOAHBIX TOJIOC (OCh Y) € YYETOM THIIMYHOIO YIJIa

10 2KOT®, Bbim. 3

MIpeTHAK/IOHA JUPEKTOPA, PABHOTO 4° 110 OTHOIIEHUIO
K maockoctu ciog X2KK. Crnucok mapamerpoB, KOTO-
pble UCIOJIB30BAJIMCH B MOJICIMPOBAHNH, [IPEJICTABIICH
B TabJ/IuIIe.

BaxkHO TakKe OTMETUTH, YTO B JAHHOM KOMIIBIO-
TEPHOM MO/IEJIMPOBAHNK IuapojuHamMuKka B cjioe 2KK
He yJIuTbhIBaeTcd. Takmm 0O6pa3oM, MomenpyemMble 3d-
deKThI He TPEOYIOT B3aUMO/IECTBHSI C 0OPATHBIMU I'U/I-
POJMHAMUYECKUMU TTOTOKAMH.

HagasibHOE pacupesesnenne JUpEKTOpa B CJIOE
X2KK coorBercTByeT OMHOMY BUTKY crupasu (Bropas
zona ['pamxkana, 27-cocrosaue). DTO pacipeleenne
JUpeKkTopa mokazaHo Kak (1) Ha puc. 2. ITockoabKy
TomMHA d HECKOJBKO MEHBIIE Pg, JAHHOE COCTOsTHUE
BO BTODO# 30He ['pamKkaHa CABUHYTO OT IEHTPA 30HBI
B HAIIPDABJICHUU K IIE€PBOil 30HE, B KOTOPOI peasnsy-
ercsi m-cocrosinue. Ilpu TPUIOXKEHUH K 3JIeKTPOJIaM
SJIEKTPUIECKOT0 HAIPSKEHUsI C JOCTATOYHO BBICOKOM
ammurygoin (U = 80 B) magasbHOe 27-cOCTOSHEE
snedopMHUpYeETCsT  TaK,
COCTOAHME C OJHOPOJHON INIAHADHOW OpHEeHTaIu-
eit (0-cocrosinue, XapakTepHOe yis HYJIEBOH 30HBI

9TO BO3HHKaeT IIepexo/ B

Tpamkana). DTOT TEPeXos MPOUCXOJUT OJarogapst
00pa30BaHUIO JIOKAJIBHOI I'OMEOTPOIIHONM OpHeHTAIun
B neHrpe ciaod (cMm. pacupeieienue (3) ma puc. 2),
KOTOpasi, B CBOIO O4Yepejlb, BO3HUKAET BCJIEJICTBUE
B3aUMOJIECTBUSI IPEUMYIIECTBEHHO TIJIAHAPHOIO JJIEK-
TPUIECKOTO MOJA C OTPUNATEIbHON JIUJICKTPUICCKON
annzorpormeit X2KK. Ornenbabie sramnbl mepexoja
(1)-(5) B packpyuennoe 0-cocrosinue (5) IOKA3aHbL HA
puc. 2. B nannom ciaydae cocrosinne (3) ¢ JOKaJIbHOI
TOMEOTPOITHOI OpHUEeHTAale! TUPEKTOPa B IIEHTPE CJI0S
SIBJISIETCSI TE€M IPOMEXKYTOYHBIM COCTOSIHHEM, KOTOPOe
obecrieanBaeT HEIPEPbIBHOCTD J1e(OPMAIIE JIUPEKTO-
pa mpu mepexoje u3 2m-cocroguus B (-cocrosHue w,
COOTBETCTBEHHO, TOIIOJIOITMYECKYIO 3SKBUBAJEHTHOCTH
9THUX JBYX cocrostHuit. MoempoBanme oKa3ajo, ITo
JUIS TAaHHOTO II€PeX0/a BaYKHBIM SIBJISETCH YCJIOBUE
3po/4 < d < pg, KOTOpOE BBINOJHSETCS BOIM3M
IPaHUIBl pa3iesia MeXKIy BTOPOl M IepBON 30HAMUI
I'pamxamna.

Ha puc. 3 nmokasaHbl pe3yJsibTaThl MOIEJIMPOBAHUS
OUCTAOMILHOTO TepekodeHns. Vcxomuoe cocrosinue
XZKK na naTepBajie 0—7 Mc, KOTAa JEKTPUIECKOE T10-
Jié BBIKJIFOUEHO, sIBJIsIeTCsi 2m-cocTosinueM. Ha BpemeH-
HOM wmHTepBaje 7-50 MC K IUIAHAPHBIM 3JIEKTPOIAM
[IPUKJIAIBIBACTCH UMILYJIbCHBI MAKET IJIEKTPUICCKOTO
HAIpsizKeHUsT cuHycouaibuoil dopmer (U = 80 B,
f = 100 I'n). oz neiicrBueM JAHHOIO UMILYJIBLCHOIO
makera obiacts X7KK mexmay smekrpogamu mepexo-
guT B miaHapHoe 0O-cocrostaue. 910 (0-cOCTOsIHUE siB-
JISIETCST METACTAOUIIBHBIM ¥ OTJIEJIEHO SHEPIeTUIECKIM
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Puc. 2. Nnntoctpauns nepexoga n3 2w-coctosnus (1) B pac-

Kpy4deHHoe 0-coctositme (5). MNepexon npoucxoanT Gnarogapsi

BO3HUKHOBEHNIO JIOKa/IbHOW FOMEeOTPONHONA (BepTUKaIbHOM)

opueHTaumn gupektopa B uenTpe cnosi (3). CywecTsoBaHue

HernpepbIBHON aechopManuy nosisi 4UPEKTOpa ANs OCYLUECTB-

JIEHUsI Nepexofa O3HA4YaEeT TOMOMOrMYECKYIO SKBUBANIEHTHOCTb
27- n 0-cocTosiHuiA

6apbepoM OT OCHOBHOTO 27-cocTosHus. I[lostomy mo-
CJie BBIKJIIOUECHHS JJIEKTPUIECKOro 1mojst (-cocTosHue
OYeHD MEJJICHHO PEJIaKCUPYET, ITO MOXKHO BHUIEThL U3
CpaBHEHUsI paclipeeieHus] JUPEKTOPa B MOMEHTHI Bpe-
MeHn t 51 mMc u t 99 mc Ha puc. 3. Pejak-
caIisi MPOUCXOINT B PE3Y/IbTATE IMOTJIOMEHUST «MEK-

JIEKTPOJTHBIX> JOMEHOB (-COCTOSTHUS <«HAIIJICKTPO/I-
HBIMHU» JIOMEHaAMU OCHOBHOT'O 27-COCTOsIHUA. B JanHOM
mpuMepe, KOTJIa MEXKIJEKTPOIHOE PACCTOSHUIE PAaBHO
10 MM, xapakTepHOE BpeMsi, Tpedyemoe Jiis TOJIHO-
'O BOCCTAHOBJICHUS 27T-COCTOSHUS B MEXKIJIEKTPOTHOM
oburactu, cocrasiser okosio 400 mc. Ilepexon B ocHOB-
HOE 27T-COCTOSTHIE MOYKHO CYIIECTBEHHO YCKOPUTD, €CJIH
UCIIOJIb30BATH OJIHOIOJISIPHBIN UMITYJILC CPABHUTEIHLHO
HEBBICOKOTO Hampsizkenns. Ha purc. 3 MOXKHO BHIETD,
9TO OTHOTIOJAPHBIA UMITYILC HAMPSIZKEHNST ¢ aMILIATY-
ot 20 B na uarepsasie 100-140 Mc npuBoguT K HAPY-
mreanio 0-COCTOAHUSA ¢ MOCIeyoneil GpIcTpoii (0K0JI0
5 MC) pesrakcaryeii B OCHOBHOE 27T-COCTOsTHIE [OC/IE BbI-
KJTIOUEHUsT UMITYJIbca. TakuM oOpaszoM, MCIOJIb3ys OJ-
HOIOJITPHDBIE MMITYJILChI, MOXKHO OBICTPO BO3BpAIaTh
ZKK-cnoit B ncxomuoe 2m-cocrosiune. MogenmnpoBanne
B YCJIOBHUAX HYJIEBBIX 3HAYCHUI (DIIEKCOITEKTPHICCKIX
K03 PUIMEHTOB [MOKA3aJI0, YTO IepeKrodeHne u3 0-
B 27T-COCTOSTHAE CTAHOBUTCSA HEBO3MOXKHBIM. TakuM 00-
pa30M, MEXaHI3M OBICTPOrO 0OPATHOIO TEPEKITIOICHUST
B 27-COCTOSIHUE TI0 CBOE TPUPOJE sABJsIeTCs (PJIeKCO-
JIEKTPUIECKUM.
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7 mc 99 mc 250

150 mc

51 mc

Puc. 3. PesynbTaTbl MOAENMPOBaHMS NEPEKIOHEHNSI B MEX-
3/IEKTPOLHOM MPOCTPAHCTBE U3 27T-COCTOsAHUSA B 0-cocTosiHue
(nHTepean 0-51 mc), a Takxe O0BPaTHOrO MEpPeKtOHEHUS 13
0-coctositus B 2m-coctositue (nHtepsan 99-150 mc). Liseto-
Basl LUKaJla COOTBETCTBYET Z-KOMMoHeHTe gupektopa KK

OrMeTuM, 49TO B Tperbeii 30He ['pamykana BO3-
MOKEH TEPexXOl MKy SKBUBAJEHTHBLIMU 37T- W T-
cocrogausaMu. [lompobHee 06 3TOM MOXKHO y3HATH B
pabore [13].

Ha pwuc. 4 moxazan 3/IeKTPOONTHIECKUI OTKJIUK
B Ipolecce OMCTAOUIBHOIO IIepeKJdeHus. B gaH-
HOM CJIydae CJIOM KMUJIKOTO KPHUCTAJLIA TOMEIIEeH MexK-
Iy CKPEeIeHHLIMI TOJIIPU3aTOPAME, & CBETOBOH IIy-
90K PACIPOCTPAHSIETCS Uepe3 MEeHTPATLHYIO MEeXKIJICK-
Tponuyo obsacth cios ZKK. Ilpm stom mampasie-
nne onruveckoit ocu X7KK B 0-cocrosnnm cocTaBiis-
er yroa 45° mo OTHOIIEHUIO K OCHAM IOJISIPU3ATOPOB.
Takum 06pazomM, B 0-COCTOSIHUM OITUYECKAs] CUCTEMA,
cocrosras u3 cjog 2KK u monspusaTtopos, sBJsieT-
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Puc. 4. DnexkTpoonTuyeckuii oTkanK (BepxHuii rpaduk) npu
nepekstodeHun u3s 2m- B 0-cocTosiHme u obpatHo B 27-
cocTtosiime. B HuxHell yacTu nokasaHa popma ynpasasitoLero
3/IEKTPUYECKOrO HAMPSXKEHUST A5 NEPEKIIIOHEHNST MeXAay COo-
crosiusmu. Cnoin KK HaxoguTcs mexay CKpelyeHHbIMU Mo-
NSIpN3aTopoM 1 aHasmsatopom (OCb nossipusaTopa Mog yr-
nom 45° Mo OTHOLLEHMIO K MOJIOCKaM 351ekTpogos). Pacuetsl
BbIMOJIHEHbI AJIS1 LEEHTPaJbHOM YacTu CNOs, PacronoXeHHON
MeXAyY NJaHapHbIMW 3eKTpoAaMu, A1 OJINHbI BOJIHbI CBETA

A = 630 Hm

Csd TIPO3PAYHON I CBETA B MEXKIJIEKTPOIHON 001~
cru. B 27-cocrosinnm, U3-3a reJIMKOMIAIbHOTO PACIIPe-
JIeJIEHUsI JIUPEKTOpa U MAaJIOi TOJIIMHBI, ONTHYECKAs
cucrema 3 dexrusno Ookupyer cser. Ha puc. 4 mox-
HO HaOJIOJIATh KaK CTa/UI0 [IEPEKJIIOUEHUs] B OITHYe-
cku npospadnoe 0-cocTosiHHe, TaK M CTa/INI0 00PATHO-
r'o IePEeKJII0YeHnsI B TeMHOe 27m-cocTosinne. Ha muTep-
BaJIe JIECTBUS UMITYJIbCHOTO CHHYCOUIAJIBHOIO ITaKeTa
JIEKTPUIECKOro HanpszkeHust (¢ < 50 MC) MOXKHO Tax-
Ke HabIIomaTh crenuduieckyo (GopMy HEJIUMHEHHOTO
SJIEKTPOOIITHIECKOTO OTKJIMKA, KOTOPBII BKJIIOYAET HE
TOJIBKO KBaJIPATUYHBIN, HO U JIMHEHHBIN 3JIEKTPOOIITH-
9eCcKuil BKJIAJl, XapaKTEPHBIN i (hJIEKCOIEKTPIIe-
cKoro 3 dekTa.

4. SKCIIEPUMEHTAJIBHBIE PE3VYJIBTATDBI

st 9KCcIepuMeHTaJIbHONO — HaOJoJIeHusT  Ou-
CcTabMJIBHOCTH  OBLIM  CO3JAHbI  J[B€ KJIMHOBU/IHBIE
X2KK-gueiiku: «rTonKas» A-gdeiika ¢ TOJIIMHOIA,

U3MEHsIeMOl B uana3oHe 1-3 MKM, W €CTeCTBEHHBIM
aroM CHupau pg = 2.3 MKM U <«TOJICTasgy B-sueiika
C TOJIIWHON, M3MeHsIeMOll B Auama3one 4-8 MKM, #
po = 7 MrM. Jlmama3oH TOJIMMH BBIOMPAJICS TAKAM
06pa3oM, YTOOBI B KaxKJIOH W3 d49eeK MOXKHO OBLIO
HaOJIIOJIATH [IEPBYIO U BTOPYIO 30HBI ['paHKaHa.

lﬁ“\ i

: | 2n-coctoaume|||

rCocmoiHie

|fli|nnn..v.
W l
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S f'\\
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Puc. 5. ®oto A-siueiikn B cKpeleHHbix nonsipusatope (P)
n ananusatope (A): a) ucxopHble nepsasi (w-cocTosiHWE) ©
BTopast (2m-cocTosiHne) 3oHbl [ paHxkaHa (ocb nonsipusaTtopa
BLOJIb 3J/IEKTPOLHBIX MONIOCOK); 6) obpasosanune O-cocTosiHus
(TemHas obnacTb) Bo BTOpOIN 30He [paH>xaHa nocie Bo3aeii-
CTBUS 3nekTpuyeckoro nonsi; B) 0-coctosiHme (camas sipkasi
0b6nacTb) Npu NoOBOpPOTe sideliknm BOKPYr ocu z Ha 45° mexay
CKPELLEHHBIMIN NOJSIPU3aTOPaMu

4.1. OpueHTarinoHHbBIN TIepexo/] B A-suelike

Ha puc. 5a mpencrasiena dororpadus omnrute-
CKOIl TEKCTYPhI B A-stdeiike J10 BO3IECTBUsI JIEKTPU-
YeCKOTO T0JIsl, TJIe BUJIHBI IepBast (T-COCTOSIHAE) U BTO-
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Puc. 6. MNepekntoyerune A-siveiikn us 2r-coctositms (¢ < 100
mc) B 0-coctositme (¢ > 300 mc) u penakcayusi 0-cocTostHnst

pasi (2m-cocrosiane) 30HbI ['pankana. fueiika Haxo-
JUTCA MKy CKPEIEHHBIMU ITOJSPU3aTOPAME, IIPU
9TOM BOJIHOBOI BEKTOD 3JIEKTPOMHON perrerku K ma-
PAJLIEJIEH OCU BBIXOJHOIO MOJIAPU3aTOPa (AHAIU3ATOPA
A). Henpospadnbie XpOMOBBIE 3JIEKTPOJIBI Ha (DOTOrpa-
dbun BumHBI KaK camble TeMHbIe oJiocKu. [locste mpu-
JIOXKEHUsI TIEPEMEHHOTO 3JIEKTPUIECKOrO HAIIPSIZKEHUSI
amrintyoit 70 B ma wacrore 200 ', Bo BTOpOIit 30HE
I'panxkana Bosuukaer rperbe 0-cocrosinue (puc. 5 6, ).
DTO TPEThE COCTOSHUE B CKPEIEHHBIX MOJIAPU3ATOPAX
HaunboJjiee TEMHOE, eCJIM OCh II0JISIPU3ATOPa OPUEHTHPO-
BaHa BJIOJIb JIEKTPOIHBIX MOJOCOK (puc. 56), u Hau-
boJtee CBETJIOE, €CJI OCU CKPEIIEHHBIX OJISIPU3ATOPOB
OPHUEHTUPOBAHBI 1101 yIJIOM 45° 110 OTHOIIEHHIO K 3JIeK-
TPOJHBIM HostocKaM (puc. 5 6). Takast onTuyaeckast Kap-
TUHA XapaKTepPHA [JIsd ILUIAHAPHOH opueHTarmu i 0-
cocTosiHusi. 10 0-COCTOSIHME CYIIECTBYET JO0CTATOYHO
JI0r0 (HECKOJIBKO CEKYHJI) 110 CDABHEHUIO C BPEMEHEM
YIPYTOil peslaKcaIuu, KOTOPOe IIPHU TOJIIUHE CJIOS 2
MKM cocTaBiigeT MeHee 10 mc.

Ha puc. 6 mokazan 3eKTPOONTHIECKUN OTKJIHK
A-sueiiku, usMepeHHbIl BO BTOpoil 30He I'pamkana
C HMCXOJHBIM 27T-COCTOSIHHEM JJIsl Pa3JIMYHBIX aMILIN-
TYJI UMITYJIbCHOTO HalpsizKenus. [Ijig mosyuenus: Kpu-
BBIX JIEKTPOONIITUIECKOTO OTKJINKA UCIOTb30BAJICS JIa-
3epHBIN 1o ¢ JyuHOi BoJHBI A = 630 BM. ueii-
K& HaXOJWJIacCh MEKJy CKPEIIEeHHBIX II0JISIPU3aTOPOB
TaK, 9TO JIEKTPOHBIE MMOJOCKU COCTABJIM yrosa 45°
10 OTHOINEHWIO K OCAM HoJisipu3aTopoB. Kak BumHO
nu3 puc. 6, UCX0JIHOEe 2T-COCTOSIHHUE SIBJISIETCS TEMHBIM
(t < 100 mc). ITocae TPUIOXKEHUS K TEKTPOIAM M-
[IyJIBCHOTO TIAKETA JIEKTPUIECKOrO HAIIPSIYKEHUS C aM-
mwinrynoi 6osee 40 B u wacroroit 200 'y 2KK-cioit
[IepexouT B ILTaHapHOe (-COCTOsIHME, YTO IPOSBIILA-
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eTCsl KaK yBEeJMYCeHNe UHTEHCUBHOCTH CBeTa (IIOBBIIIEe-
HUA KoM PUITHIEHTa TPOITYCKAHUS OMTUIECKON crucTe-
MBI) MOCJ€e BBIKIIOUEHNs MMITYJIbCA 3JIEKTPHIECKOTO
nanpsizkenust upu ¢t > 300 mc. CTouT OTMETHUTH, UTO
Iepexo/] K BBICOKOMY YPOBHIO IIPOIYCKaHUs HAOJIIONA-
€TCsl TOJIBKO TIPU JIEKTPUIECKUX HAIPSKEHUIX, [IPe-
poeimraorux 50 B, korga Bo BTOpoit 30He ['pan:kana
0-cocrosiHme 3aHUMAET 3aMETHYIO [IOJII0 BCEil ILIOIa-
mu 2KK mexmy snexTpomamu, peructpupyemoit poro-
juonom. Josst mtomaau, 3aruMaeMast 0-COCTOSIHUEM,
YBEJINUYUBAETCsI 110 MEPE IOBBIIIEHUs 3JIEKTPUIECKOTO
[I0JIst, JOCTHUTas MAKCUMyMa, [IPU AMILIUTY/IE JIEKTPU-
4geckoro Hampsizkerust okojio 90 B. Ilpu sTom coorBer-
CTBEHHO BO3pAcTaeT He TOJIbKO yPOBEHb IPOILYCKAHUSI
[I0CJI€ BBIKJIIOYEHUS WMITYJIbCA, HO W BPEMS DEIAKCa-
nuu. HabsrogeHnst B HOJISIPU3AIMOHHOM MEHKPOCKOIIE
[TOKA3bIBAIOT, 9TO pejakcaliusi 0-COCTOSHUS IIPOUCXO-
JIUT 3& CYET <IIOIJIOIIEHUA» JTOMEHOB 0-COCTOAHMSA J10-
MEHAMH UCXO/IHOTO 27-COCTOSIHUSI, KOTOPBIE NMEIOT MU-
HUMaJIbHYO CBOOOJIHYIO Hepruto. 1[03ToMy MBI CBSI3bI-
BaeM BpeMs DeJIaKCAIUU C PA3HUIEH MeXKIy CBOOOI-
Hoit sueprueit 0- m 27-cocTOdAHMIA, a TaKXKe JIOJEel, 3a-
HUMAEMOU! OCHOBHBIM 27T-COCTOSIHHEM OT ODIIEro oobe-
ma. Kak mokaszajio MojenupoBaHue, IOCJE€ TOTO Kak
[IPOUCXO/IUT TepeKJodenne B 0-COCTOSIHIE B MEXKIJIEK-
TPOJHBIX 00JIACTSIX, B HAJJIEKTPOJIHBIX 00JIACTSIX OC-
HOBHOE 27-cocTosiHme coxpansercs (puc. 3). Takum 06~
pa30M, 3TH HAJRJIEKTPOIHBIE IOMEHBI B OCHOBHOM 27T-
COCTOSIHUHU TIOIVIOMIAIOT JOMEHBI MeTacTadmibHOro 0-
COCTOSIHUSI, YCKOPsist ITporiecc pesakcanuu. Crempyer or-
METHUTb, YTO UUCJCHHOE MOJIEJUPOBAHNE ITOKA3BIBAECT,
9TO, YMEHBIas MUPUHY IJIEKTPOIOB, MOYKHO Peasn30-
BaTh nepexos B 0-cocTosiHIe BO BceM 00'beMe, BKITFUast
Ha/3JIEKTPOJIHbIE 00JIACTH.

Mpb1 mpejiiosiaraeM, 9TO KJIHOYEBOE OTJIUYHUE JIaH-
HBIX 9KCIIEPUMEHTA OT PE3yJIbTATOB MOJIEJINPOBAHUS HA
puc. 3 3aKioYaeTCd B CieayiomeM. B skrcrepumen-
Te MBI HADJIIO/IAEM OOIIUPHYIO 06JIACTH, BKIIIOYAIONLYTO
OKOJIO JIECATH I1ap JIEKTPOIOB. B aslekTpoonTutaeckoM
OTKJINKE MPUCYTCTBYET JIMHEIHBIN 110 TIOJII0 BKJIAI, 10~
9TOMY YYaCTKU MEXKJy COCEeIHHMH JIEKTPOIHBIMU I1a-
pamu, rjie IJIaHAPHBIE KOMIIOHEHTHI BEKTOPa 3JIEKTPU-
YeCKOrO I0JIs HAITPABJIEHBI B3ANMHO [TPOTUBOIIOJIOXKHO,
He JIAI0T CHHXPOHHOI'O BKJIaJ@ B ONTUYECKUI OTKJIUK.
B To BpeMmsi Kax Jijisi OJHOM Maphl IPOILyCKAHUE yBeJIU-
qUBAETCH, Ul COCEIHEl OHO MOXKET yMEHBINaThbcsd. B
UTOre CyMMAaPHBIH KOI(DMUIMEHT TPOITYCKAHUSA OKA3bI-
BaeTCsl HUYKe MaKCHUMaJIbHO BO3MOXKHOr0. Hamporus, B
MOJIEIMPOBAHUN JIEKTPOOITUIECKUI OTKIMK COOTBET-
cTByeT HEOOJIBINOM 00J/IACTH 10 MEHTPY MEXKJLYy ABYMS
3JIEKTPOJIAMU, TJIe JAaHHbBIH 3(PMEKT KOMIIEHCAIIUH TPO-
[IyCKaHUsI OTCYyTCTBYET.
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Puc. 7. BucrabunbHoe nepekntodenne A-sueitku: 2w — 0
(t > 300 mc); 0 — 27 (¢t > 400 mc)

Corsnacuo manabiM Ha puc. 6 Bpems pesnaxcamnun (-
COCTOSIHUSI B OCHOBHOE 27-cocTosinne B A-srdeiike co-
craBjsgeT 0kos10 400 Mc, 9TO HAXOIUTCS B XOPOIIIEM CO-
IJIACUH C Pe3yJIbTaTaMU YHCJIECHHOTO MOJIETIPOBAHUSI.

Ha puc. 7 nokazano, 9ro npuioxenune K A-saeiike
OTHOCHUTEJIbHO HU3KOBOJIBTHOI'O 3JIEKTPUIECKOIO Ha-
upskernst (U = 30 B) qymTeabHOCTBIO B OJUH T1€PU-
01, TIOCJIe TOTO KaK Ipou3oie nepexo/t B 0-cocrosnue,
[T03BOJIAET OBICTPO ePeKIIoUnThb (-coCTOsiHIE 0OPATHO
B UCXOJIHOE 27T-COCTOSTHUE.

DddexT 6BICTPOro 0OGPATHOrO MEPEKJIIOYCHUS B 27-
COCTOsIHUE OBLI MPE/ICKA3aH YNCICHHBIM MOJIEINPOBA-
HUEM IIpH HAJUYUU (DJIEKCOIJIEKTPUIECKOTO B3AMMO-
neiicrBust (puc. 4). DKCIEPUMEHTAIBHO CyIIECTBOBA-
Hue BJIEKCOIEKTPUIECKOTO B3aUMOIEHCTBUS ITOATBED-
JKJ1aeTcst 0COOEHHOCTSIMU JIEKTPOOIITUYIECKOIO OTKJIN-
K& BO BpeMsi BO3JefCTBUsl MMILYJIbCHOTO IIaKeTa, 3a-
[TOJTHEHHOTO HAIPS2KEHNEM CHHYCOUIAJILHON (DOPMBI,
u Oyzer o0CyXKIaThCsd HUXKE. 37eCh K€ OTMETHM, UTO
ITOCKOJIBKY (DJIEKCORJIEKTPUIECKOE B3aNMO,I€fICTBHE JIU-
HEMHO II0 3JIEKTPUYIECKOMY IIOJIIO, YHOMAHYTBIA 3JIeK-
TPOONTUYCCKAN OTKJINK HMeeT BKJIAJ Ha OCHOBHON
qacToTe IPHUJIOKEHHOI'O HalpsizKeHusi. JIMHelHbI xa-
pakTep (PJIEKCOIIEKTPUIECKOIO B3AUMOEICTBHST TaK-
2Ke 00yCJIOB/IMBAET HEOOXOIMMOCTD UCIIOIH30BaHUs 0O~
Jiee cyiabbix moJieil (B BHJE OJHOIOJSPHBIX HUMILYJIb-
COB WJIM [IAKETOB, 3aII0JTHEHHBIX JIMIIb OJJHUM [T€PUOJIOM
[IEPEMEHHOTO JIEKTPUIECKOTO HAPSKEHUS TUIA «Me-
AHJP», PUC. T) Iyisl IEPEKJIOYCHHs] U3 HYJIEBOIO B 27-
cocrosinue. Jlejio B TOM, 4TO C IOBBIIIEHUEM aMILIATY-
JIbI SJIEKTPUIECKOTO TI0JIsi TPEODIAIAIONTIM CTAHOBUT-
cd KBaJ[PATUIHOE B3aWMOJEICTBUE, CIIOCOOCTBYIOIIEE
coxpanennto 0-cocrositusi. C IMOHMKEHUEM 3JIEKTpUYe-
CKOI'O TI0JIsI KBaJ[paTUIHOE B3auMOjeiicTBrue, 00yCI0B-
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JIHHOE JImdJIeKTpudecKoit anuzorponueii 2KK, ymennb-
maercs ObIcTpee, YeM JInHEHOe (DJIEKCOITEKTPIUIECKOe
B3anMoyielicTBre. TakuMm 06pa3oM, (pJIeKCOIIEKTPHUtIe-
CKOe B3amMOJICHCTBIE CTAHOBUTCS OCHOBHDBIM, CO3/IAI0-
UM HEOOXOINMBII BPAIIATEIbHBIN MOMEHT JIJ1s 00paT-
Horo mepexoja 3 (- B 2m-cocTognue.

4.2. OpueHTaIlMOHHBINA Iepexon B B-siueiike

Kak BumHO M3 ocruorpamMm 3JI€KTPOOITAIECKO-
ro OTKJIMKa, BpeMms Kusznu (O-cocrosiaus B A-sdeiike
cocTaBsieT Bcero okoJio cekyHpl (puc. 6). CormacHo
HAIIMM IIPEJICTABJIEHUSIM, BPEMsI YKU3HI OIIPeJIeJIsieTCsl
pa3HUIEH MEXKIy 3HAYEHUSIMU ILUIOTHOCTU CBOOOIHOM
SHEPI'UU 3aKPYYEHHOrO 27T-COCTOSIHUS U PACKPYIEHHO-
ro 0-cocrosiHusi. DTa pa3HUIA, B CBOIO 0YePelb, yMEHb-
IIAETCs ¢ POCTOM €CTECTBEHHOIO IIara cuupaJsin pg. 11o-
9TOMY B YCJIOBUSIX HAIIETO SKCIIEPUMEHTA JIJIs YBeJIae-
HUsI BPEMEHU KU3HU HEOOXOIUMO yBEJUIUTH Py U CO-
orBercTBerHO TosmmHy ciog X2KK. Vmenno s yBe-
JINYEHUsI BDEMEHN KU3HU MeTacTaOMIbHOIO IIJIaHAPHO-
'O COCTOsTHUS ObLIa coOpaHa KJIMHOBHUIHAsT B-stueiika ¢
[IPUMEPHO TPEXKPATHO yBEJINIEHHBIM JIUATIA30HOM TOJI-
e caos 2KK mo cpaBaenuio ¢ A-s9aeikoit.

Anajiornano A-sgaeiike JIEKTPUIECKOE TI0JIe WHTY-
nupyeT BO BTOpOil 30He ['paHzKaHa 1epexojl B pacKkpy-
4geHnHoe (-COCTOsTHIE, KOTOPOE BBITJISIIUT KaK COBEPIIIEH-
HOE TEMHOE ONTUYIECKOEe COCTOSIHME B CKPEIIEHHBIX I10-
JISIPU3ATOPAX (JIEKTPOJIHBIE TIOJOCKU OPUEHTHPOBAHDI
BJIOJIb TIOJISIPU3ATOPA), puc. 8 6. OHAKO B OTJIMYHE OT
«TOHKO#» A-sideiiku, rje 3aKpydeHHOe 2T-COCTOSHUE
SIBJIETCH TEMHBIM IIPU YKA3aHHOW OPUEHTAIINU IO OT-
HOIIIEHUIO K OCsIM IIOJISIpU3ATOPOB, B B-sueiike ns-3a
YBEJIMIEHHON TOJIIUHBI 27T-COCTOSHIE ABJISETCA CBET-
abeiM. Temmuoe 0-cocrostame B B-gdeiike meiicTBUTENIHHO
peJlaKCUpyeT 3HAYUTEIbHO JIOJIbIIE U COXPAHSETCs Ja-
ke crycrst 30 ¢ T0cIe BBIKIIIOUeHns moJst (puc. 8 ).

Pucynok 9 wurrocrpupyer 3/1eKTPpOONTHIECKUii OT-
KJINK B-g4eifiku Ha UMIYJIbCHBIN TAKET CHHYCOWIAJIb-
Horo Hampsizkenust dacroroit 20 I'm u nepexox B 0-
COCTOSIHUE TIPU AMILIUTY/IE JIEKTPUIECKOI0 HallpsizKe-
uus 60 B. Kak y»xe ormeqasocs, npu gaHHOM TOIIIAHE
OCHOBHOE 27-COCTOSIHUE SIBJISETCS IIPO3PAYHBIM (CBET-
JIBIM) B CHCTEME CKPEIIEHHBIX MOJISIPU3ATOPOB € OCs-
MU BJOJIb U MEPHEHIUKYISPHO IJIEKTPOIHBIM II0JIOC-
kam. [Lnamaproe (-cocTosiHume B 9TOM CiIydae SBJISIET-
csl TeMHBIM. BujHO (KpuBasi 1), 9TO IPH JEKTPUIe-
CcKOM Harpsizkeanu amiuuTyroit 50 B nmepeksouenus B
Temuoe (-coCTOsIHIE HE IIPOUCXOJIAT, YTO YKA3BIBAET HA
[TOPOrOBBIIl XapaKTep MePeKII0IEHUS.

9 gaBisgeTcd
Jeti-

Becbma  1mokaszaresbHBIM - Ha puc.
SJIeKTpOOHTI/I‘IGCKI/IfI OTKJIUK Ha HWHTepBaJie
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Puc. 8. OnTuyeckune TekcTypbl B B-siveiike: a) 27- n m- cocto-

SIHNS1 COOTBETCTBEHHO BO BTOPOW U MepBoii 30Hax [ paHxkaHa;

6) 0-cocTosiHne Bo BTOpOii 30He ['paHixaHa nocne BO3LeicTBIS

anekTpuyeckoro noasi; 8) 0-coctosiHne (TemHas obnacts) cny-
cta 30 ¢ nocne BbIKJIOYEHUS NOAS

CTBHS II€PEMEHHOI0 CHHYCOHJIAJILHOIO HAIIDSIZKEHUS
(100 < t < 500 mc). Kax BujHO wu3 BCTABKH Ha
PUCYHKe, HeJMHEHHBIH OTKJIMK BKJIOYA€T HE TOJIb-
KO (Qypbe-KOMIIOHEHTY R Ha YIBOEHHOWU dYacTOTe
BOBJEHCTBYIOIIEr0  3JIEKTPUYECKOTO IoJisi U OoJiee
BBICOKOYACTOTHYIO TAPMOHUKY R4, HO M KOMIIOHEHTY
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Puc. 9. dnekTtpoonTuyeckoe nepektodeHue B B-sueiike. Ha
BCTaBKe MOKasaH pypbe-CrneKkTp 31eKTPOONTUHECKOrO OTKJIN-
ka 2 Ha uHTepsane 100-500 mc

R ma ocuopmoit gactore 20 I'it ¢ cooTrBeTcTByIOMIEHt
rapmonukoil R3. KoMiionenTa Ha yjBOEHHOI dacToTe
COOTBETCTBYET  KBaJPATUIHOMY  B3aUMOJIEUCTBUIO
JIEKTPUIECKOTO TIOJIsI C JIMIJIEKTPUIECKON aHU30TPO-
nueit 2KK. A BOT BKJIaJ1 B 9JIEKTPOOITUIECKUIT OTKJIUK
HA OCHOBHOW YaCTOTE — IPSIMOE CBHJIETEIbCTBO II0-
JIAPHOTO  (JIMHEHHOT0) B3AMMOJECHCTBHSA, CBA3AHHOIO
¢ duekcoanexkrpuueckum 3dpdexkrom. Kak yxke or-
MeYaJI0Ch, IIOCJE BBIKIIOYEHNS] HUMIIYJIBCHOIO IAKETa
SJIEKTPUIECKOT0 HampsizkeHus ammmaryaoin 50 B me-
pexona u3 27- B 0-cocroguue ne mpoucxoaut. OgHaKO
npu amiumaTyse Hamnpsikenus 70 B wabmomaercs
BbIpazKeHHbIi nepexoz B Temuoe 0-cocrosinue (puc. 9,
KpuBas 2).

Takum obpazom, pesyabTaTbl uccjaegoBaHuii B-
sTYEIKU TIOITBEPIMIINA OZKUIAEMOE YBEJINUeHNEe BPEMEHHT
JKU3HU MeTacTabuIbHOTO 0-COCTOSIHUSI, TOPOrOBBIil Xa-
pakTep mepeksodeHus B (-cocTosinne, a TakyKe HaJu-
que JIMHEHOIO BKJIAJa B JIEKTPOOITUIECKOM OTKJIU-
K€, KOTOPBIN MbI CBSI3bIBAEM C (DJIEKCOIJIEKTPUIECKIM
B3aMOJIEIICTBHEM.

5. SBAKJIFOUYEHUE

B mamnolt pabore mpuBeIeHBI PE3YJIbTATHI HCCJIE-
JIOBaHUsI HOBOI'O THUIIA OUCTAOUIBHOTO IEPEKJIFOUEHUsI
B cjoe xupajbHoro 2KK ¢ orpunare/ibHONI Iu3JIeK-
TPUYECKOI aHN30TPONHEd U (DIIEKCOITEKTPUIECKOIT 10~
Jisipusanueii. UUCJIeHHO U KCIIEPUMEHTAJIbHO II0Ka-
3aHO, 4YTO B ILJIAHAPHOM
naaporo tumna X2KK BO3MOXKHBI TOIOJIOTMYECKH K-
BUBAJICHTHBIE I[I€PEXOJbI U3 OCHOBHOTO 3aKpyJIeHHO-

QJIEKTPUYICCKOM II0JIe JIJIsA

ro 2m-COCTOsIHMSI B MeTacTabW/IbHOE DPaCKpydeHHOe
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BuctabunsHocts B cnoe XWPaJZIbHOro XXNAKOro Kpuctanna. ..

0-cocrostnue u obparno. [Ipum 3sToM, eciau mepexojr B
0-cocrosiHme BO3HUKAET OJAroaps B3aMMOIEHCTBUIO
3JIEKTPUYIECKOIO TI0JIsI ¢ OTPULIATEILHON JIN3JIeKTpUYe-
ckoit annzorpornmeit 2ZKK, To obpaTHbrit mepexojt B 27-
COCTOSIHUE TPOUCXOIUT Oiaromaps (hJIeKCOIIEKTPIIe-
CKOMY B3amMo,ieiicTBuiO. JIaHHbIit 9 peKT MoKeT OBITH
UHTEPeCeH JIJisi UHPOPMAIMOHHBIX JIUCILIEEB, paboTar0-
X B PEXKMME JIEKTPOHHOI OyMaru, rjie [jis COXpaHe-
Husa n300pazkeHnst TpedyeTcss Hu3Kasg IacToTa ero 00-
HOBJIeHUs. KpoMe TOro, IOCKOJIBKY IIPU OIIPeIe/IEHHBIX
reOMeTPHUH JIEKTPOJIOB U PEXKUME yIPaBJIEHUs Iepe-
KJIIOYEHUE MTPOUCXOIUT JIUIIb B MEXKIJIEKTPOIHON 00-
JIACTH, JIAHHBIE CUCTEMbl UHTEPECHBI U Jjisi (DOTOHHBIX
[IPUJIOXKEHU B KAaYecTBe IEPEKJII0YAEMbIX (D PaKIii-
OHHBIX PENIeTOK U (DOTOHHBIX KPUCTAJIIOB.
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