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Pa3suTta Teopns hopMupoBaHus n306paXKeHnsi C NOMOLLLIO PEHTTEHOBCKOM JINH3bI, COCTOsILUEN N3 O4eHb Donb-
woro 4ncna anemeHToB. Kaxapiii anemeHT nmeeT ABOSIKO-BOTrHYThIT napabonuyecknii npodunb n oveHs cnabo
MPesOMISIET PEHTrEHOBCKNE Ny4OK. Takasi IMH3a MOXET UMETb OTHOCMTENIbHO BOMbLLYIO ANNHY, CPaBHUMYIO C
ONUHOW ¢pokyca, NO3TOMY NpubMKeHUe «TOHKOW» NnH3bl HenpuMmeHuMo. Mony4eHo ToOUYHOe BbipakeHne Ans
nponaraTopa HenpepbIBHO MPEIOMISAIOWENR JNH3bI, KOTOPbIZi OMUCLIBAET NEPEHOC U3NYHEHNSI YEPES NPENOMIIs-
owyo napabonnyeckyio cpegy. Boivncnen nponaratop usobpakeHnsi, KOTOpbifi ONUCbIBAeT (POKYCUPOBKY Ma-
pannensHOro ny4ka u nepeHoc n3obpaxenus (pokycuposky MukpoobbekTa), a Takxe ypbe-npeobpasosaHue
dyHKUMM nponyckaHns MUKpoobbekTa C NOMOLLbIO INH3bI. JEKTUBHAA anepTypa PEHTFEHOBCKONW JINH3bI
MOJSIHOCTLIO ONPEAENAETCA NOTJIOLEHNEM U3JYHEHUS U HE 3aBUCUT OT €€ FEOMETPUHECKNX MOMEPEYHbIX pa3me-
pos. Ecnu 3anucatb komnsekcHbifi nokasaTens npenomseHust B Buge n = 1 — § + i, To AgnameTp nyyka B
¢okyce npumepHo B 0.83/8 pas meHbwe pnamerpa acppekTBHON anepTypbl, npuyem ko3pPULNEHT O4eHb
cnabo 3aBMCHT OT ASNHBI MH3bI. HenpepbiBHO npenomMnsiiowas nuH3a He nmeet abeppaunii B TOM CMbiCne, HTO
BCE Jy4U, MpOLUEALLNe Hepe3 anepTypy JinH3bl, POKYCHpYIOTCA B OA4HON Todke. JInH3a MoXeT ¢pokycnposaTb
u3nydeHue BHyTpu cebsi u obnapaeT ceolicTBaMK BONHOBOAA, T.€. MOXKET BOCCTaHaBAMBATb CTPYKTYPY Ny4Ka
MpY HEKOTOPbIX 3HAYEHNSAX AJIMHBI C TOHHOCTLIO A0 UCKaXkeH Ui, obycnoBneHHbIx nornowernem. HeogHopoaHoe
MOrMOLWEHNE PEHTIEHOBCKUX JiyHel B JIMH3e NPUBOAMT K MHTEpeCHOMY 3hekTy Brlyann3auuu npo3paqHbiX
MUKpPOODBEKTOB nNpu nx cpokycnposaHHoMm unsobpakeHun. Mpn 3Tom n3obparkaetcs rpagueHT casrra hasbl,
cosgaBaemoii MukpoobbekTom. ObcyxparoTcs ocobeHHoCcTr (bypbe-npeobpa3oBaHusi, CBsA3aHHbIE C NOrIOLWE-
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1. BBEOJEHUE

DOKYCUPOBKA, JIEKTPOMATHUTHOI'O W3JIyYEHUS TPe-
JIOMJISIOINMUMHA JIMH3aMU UTPACT OTPDOMHYIO DOJIL KaK B
IIOBCEJHEBHON INIPAKTHUKE, TAK W B HAYYHBIX HUCCIEN0-
BaHusIX. B 4aCTHOCTH, IJ1a3 9YEJIOBEKA WMEET B CBOEH
CTPYKType JinH3Y, (DOKYCUPYIOIIYIO BUAUMBINA CBET HA,
PA3IUYHBIX PACCTOSTHUSIX. MUKPOCKOI U TEJIECKOIT Pac-
MIUPAIOT BOSMO2KHOCTHA BUACHUS MHUDA Ha O6JIa,CTI/I MH-
HU- U MaKpopa3MepoB. 2KeCTKOe PEHTIEHOBCKOE W3JTy-
genue ¢ sHeprueii poronos E or 10 g0 50 k3B, buaro-
JTapst CBOEHM BBICOKOW TPOHMKAOIIEN CIIOCOOHOCTH, TO3-
BOJISIET W3y9aTh BHYTPEHHIOK CTPYKTYDPY MHUKDPOOOBHEK-
TOB Hepazpymaonmmu Merogamu. O4UeBuHO, PA3pa-

*E-mail: kohn@kurm.polyn.kiae.su

60TKa, 3(PHEKTUBHBIX MPEIOMIISIONIAX JUH3 JJIST JKECT-
KHX DPEHTIEHOBCKUX JIydel Morjia Obl CyIIeCTBEHHBIM
06pa30M pPACIIMPUATH BO3MOXKHOCTH HAYIHBIX UCCIIEI0-
BAHWIH CTPYKTYPHI BEIIECTBA BO MHOIHX ODJACTSIX HAY-
ku. Oanako B Tedernue 100 jleT MOCTE OTKPBITHS PEHT-
TEHOBCKOI'O W3JIyYEeHMS 3TO HE YIABAJIOCH CIAENATH, B
OCHOBHOM, 110 AByM mpuauaam. Bo-nepsbix, koadbduru-
€HT MPEJIOMJIEHHAS] PEHTIEHOBCKMX JIy4deidl O4ueHb Ciabo
OTAUYAETCs OT eauanIbl. BO-BTODBIX, BCE BEIIECTBA, 11O~
IVIOIAIOT PEHTTEHOBCKOe m3syueHue. Hampumep, st
amovmunand 1 F = 25 k3B KoMIuiekcHbI K09 duimenT
pesoMyeHus paseH n = 1—§+if, rae § = 8.643-107,
B =1.747-107°.

IIpobaemy caaboro npesioMyIeHUs BIIEPBBIE YIAAJIOCH
peurnts B 1996 . [1] ¢ MOMOINBIO HCIOIB30BAHMS COCTAB-
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HBIX JIMH3, TPEJACTABISIIONAX COBON JTHHHBIN DT 91e-
MeHTApHBIX auH3. Kaxkaasa smeMenTapHast JTUH3A UMEET
JIBOSIKOBOT'HYTYI0 (bOPMY M OTHOCHUTEJILHO BOJIBINOI pa-
auyc KpuBm3Hbl R mopsiaka 1 MM, Ayt TOro 9Tobbr ee
MOYKHO OBIJIO W3TOTOBUTH JOCTATOYHO ITPOCTHIMH CPEJI-
crBaMu. COOTBETCTBEHHO, yTHHA, HOKYCA TAKOM JIUH3HI,
Fy = R/2§, BeCbMa BEJIHKA M MOXKET JOCTHUIATH COTHH
merpoB. IIpu sTom gnuHa (BOKyca COCTABHON JIMH3HI,
umeroweit N ssemenTos, pasaa F' = Fy /N u, cienosa-
TEJILHO, YBEJIMYEHUEM YHUCIIa JIEMEHTOB MOXKHO YMEHb-
IATh JJIHHY (DOKYCa A0 BETUIMHBI, IPUEMITEMOMR JJIs1
IPOBEJAEHUS IKCIEPUMEHTOB. BecbMa, yaadubimM 06cTos -
TEJIbCTBOM OKa3aJI0OCh TO, YTO JJIsi DEHTT€HOBCKUX JIy-
qeit Ren < 1, B pesysbrare 4ero poKyCcupyoImas JuH-
3a UMeeT JBOSIKOBOTHYTY10 popmy. IIpu sTom Tommuna
MaTepUAJIa B IIEHTPAJIBLHON YaCTH JIMH3bI MaJIa [0 CPAB-
HEHWIO C JJIMHON norviomienus. TeM He MeHee IOTJIOoNIe-
HUE DeaJIbHO CYIECTBYEeT W NMPHBOJAWT KAK K OOIIeMy
oc1a0JIeHAI0 UHTEHCHBHOCTH [TyYKA, TAK U K OrPAaHHYe-
HUIO AIEPTYPHI PEHTTEHOBCKUX COCTABHBIX MPEIOMIIs-
foumx jua3. HeofHOPO/IHOE NOIVIONIEHHE U3y YEHUs] B
PEHTT€HOBCKOI JIMH3€ — HOBOE CBOMCTBO IO CPABHEHUIO
¢ JIMH3aMHU TS BUAAMOIO CBETA, KOTOPOE MPHBOJUT K
WHTEPECHBIM OCOOEHHOCTSIM M300PasKeHuUsl, KAK II0Ka3a-
HO B HAcTOsIEeH pabore.

OrHOCUTENIBHO MaJasg Aaneprypa DPEHTTEHOBCKOM
JUH3BL (IO MUJIJIAMETDA,) HE SIBJISIETCS HEJOCTATKOM,
TOCKOJIBKY DEHTTE€HOBCKWME MYYKH, [TOJIYIAEMBIE HA HC-
TOYHUKAX CHHXPOTPOHHOTO W3JTyU€HWs, AMEIOT MAJIbIe
[IONIEPEYHBIE PA3MEDHI U CIabYH PacXoauMoCcTb. Tax,
HA MCTOYHUKAX CHHXPOTPOHHOTO W3IIy9IEeHUS TPETHETO
nokonenusi (ESRF, APS, SPring-8) sepruxasibHbiii
pa3Mep m3syuawomeii obmacTu He npeBbinaer 30 MKM,
B TO BPEMsI KAK DPACCTOSIHME OT UCTOYHHKA J0 00pas3ia
6onbire 50 M. B HacTosiiee Bpemsi OIyOJIMKOBAHO MHO-
ro crarelf, B KOTOPBIX ONMCAHBI DA3IAIHBIE METOIBI
W3TOTOBJIEHUS] COCTABHBIX IPENIOMJISIIOLIIUX JINH3 JJIsI
penTreHoBcknx uydeii. Campiii mpocrolt w3 HUX —
9TO BBICBEDJIMBAHUE DsIa KDPYIJIBIX OTBEPCTHH JJis
HOJIydeHust JuHeiHOro $okyca [1] mam aByx B3amMHO-
NEPIEHINKYISPHBIX PSJIOB OTBEPCTHH JIISI IOy I€HHS
TouedHOro dokyca [2—-4]. [IpeumymecrBom Takux JAnuH3
SIBJISIETCS] TIPEJENIbHAS JEIEeBU3HA, A& HEJOCTATKOM —
BBICOKASI IIIEPOXOBATOCTD IOBEPXHOCTEH, cepudeckue
abeppanui W AHOMAJBHO OOIBIIAST AJIUHA TpH OOIb-
[IOM DAJAyCe KPUBHU3HBI JBIPOK. AJIBTEPHATHBHBIM
METOJIOM SIBJISIETCS BJIABJIMBAHWE ITY3BIPDHKOB BO3IyXa
B kielt [5]. Beuta mpejgmoxkeHa U HCOBITAHA <AJLIH-
raTtopHas» JuH3a [6, 7], B KoTOpO# napabosmuecknii
npoduns casura dba3spl TPUOIMKEHHO 33, IA€TCH By MSI
DPAIAMA TEPIEHTAKYISAPHBIX 3yOOB, DACIOIOKEHHBIX
IO/ MAJTBIM YTJIOM K PEHTreHOBCKOMY mydky. C ucmoss-

30BAHMEM CJIOXKHON TexHWKM riayOoKo# smrorpadbun
OblTH  CO3/aHBI IJIAHADHBIE JHMH3BL [8], B KOTODHIX
TOYHBIN mapabosmaecKuii TpodUIb C PAJIUYCOM KpPH-
BU3HBI MOPSAKA 1 MKM CO3/a€TCSI B TOHKOM CJIO€ HA,
[TOBEPXHOCTH KPEMHMUSI.

Onnako HaubOIEE UHTEPECHBIMU € TOYKU 3PEHUSI
W300PAKAOUAX CBOUCTB HPEACTABIISIIOTCS COCTABHBIE
JIMH3BI ¢ KPYIJIOH amepTypoil u mapaboudecKuM mpo-
dusem. Cedenue TAKOH JIMH3BI U TAPAMETDPHI OJIHO-
ro SJIEMEHT, TIOKA3AHBI HA PUC. 1. DIIEMEHTBI COCTAB-
HOM TAPAbOIUYIECKON JIMH3BI MMOJIYYalOT, BBIIABIABAS
napabosudeckuii TpoduIb B NJIACTUHKAX U3 AJIOMU-
Hust [9-12] niy B IUIACTHHKAX U3 PA3IHYIHBIX IUIACTHKOB
(cM., manpumep, [13, 14]). Yucao simeMeHTOB B coCTaB-
HOH JIMH3e MOXKHO BapPBUPOBATH ISl MIOJIy4eHUs] HEOD-
x01uMOro (hoKyCcHOTO paccrosHus. B Hacrosiee Bpemst
HCHOJIb3YIOTCS JIMH3bI, MMEIOIIHE JI0 HECKOJBKUX COTEH
asieMeHTOB. OTHOCUTENIbHO JIENKO MOYKHO W3rOTOBUTD
smn3y, uveinyo 1000 smementoB u bomee. Ilpu sTom
JUTWHA, COCTABHOMN JiuH3bl L = Np yBeu9uBaeTcs ¢ poc-
tom N, a jgmuaa bokyca F ymenpmaercs. O4ueBuaHO,
aro noka L & F, hoKycHOe pacCTOSIHME MOXKHO OITe-
HUBATH 10 (opMysie «TOHKOM» JuH3bl, '~ R/2N§. B
MPOTHBHOM CJIy9ae HEODXOAWMO DEIIUTH 33Ja49y O Iie-
DPEHOCE W3JTyYEHUs] YEPE3 JJIUHHYIO COCTABHYIO JIUH3Y C
y4eTOM M3MEHEHHUs TPACKTODHH JIydeld B CaMOU JuH3e.
DTO OTHOCUTEIHHO MPOCTO CHAELIATH METOJAMU T€OMET-
pudeckoii ontuku [15].

Ilonmoe pemnrenne 3348491 TOIKHO UMETh BUJI WHTE-
rPAJIBHOIO COOTHOIEHMsT TUna wHTerpaja Kupxroda.
Ecnu u3MeneHue monepevHO CTPYKTYPHI BOIIHOBOI'O
ITOJTS HA, TOJIIIAHE P OJTHOTO JIEMEHTA, COCTABHOU JIMH3BI
MaJjI6, TO MIOTHOCTh MATEPHUAJIA, JTUH3BI MOXKHO YCDEI-
HUTH [0 JJIWHE P U PACCMATDPUBATH JIUH3Y KAK OIHO-
POJIHYIO BJOJIb HAIIPABJICHWS ITy9Ka, TAPaOOIMIeCcKyIO
cpeay. CoCTaBHYIO JIMH3Y, y/IOBJETBODPSIONIYIO ITOMY
TpeboBaHu0, OyAeM HA3BIBATH MAPADOIUIECKON HETTPE-
peisao npenomisiiomeii (ITHIT) penrrenosckoit auH30i.
S npo UHTErpaJIbHOTO COOTHOIIEHUS JIJISI TAKOHN JIMH3BI
SIBASIETCS] HEMPEPHIBHOM (hyHKIMENH ee AIWHBI U UMEET
AHAJIMTUYECKUN BHUJ, KAK OBIJIO BHOEPBBIE MOKA33HO B
paborte [16].

B nammHolt pabore NpeacTaBieHA TOYHASI TEOPHS
dbopmupoBaHus W30OPAKEHUST C HOMOIIBIO HEMPEPHIB-
HO TPEIOMJISIIONIEH PEeHTIeHOBCKOM JuH3bI. KpoMme BhI-
BOJA MPONAraTOPa CAMON JIMH3BI W W3yYEHHUS €ro
CBOMICTB, BBIYUC/IEH [IPONAraTOP HU300DaKEHWs W MPO-
BeIEH AHAJIU3 OCOOEHHOCTEH M300PAKEHHS ¢ TOMOIIHIO
ITHII-num3er. TTokazaHo, 9TO HEIPEPBIBHO TPEIOMIISTIO-
@asl JIMH3a HE WMeeT aDeppaiuii B TOM CMBICIE, 9TO
BCE JIy4M, WCXOJIAIINE W3 OJHOW TOYKH W MPOIIEIIIHE
4epe3 Pa3HbIE YACTH AMEPTYPHI JIUH3BI, CXOJATCI B OJI-
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Tounas Teopusi n3obpaxeHus . . .

i

Puc.1. CocTaBHas npenomnsiiowasi peHTreHoBCKast AnH3a (a) u napaMeTpsl OTLENLHOrO anemMeHTa nnH3bl (b)

HY TOYKY Ha, u3obpaxkenuu. Fe sapbexTusnas aneprypa
[IOJTHOCTBIO OIIPEIEITSIETCS TOTJIOIIEHNEM W3JIyYEHUS B
JINH3€ U YMEHBIIAETCS ¢ POCTOM JjuHbI. B TO ke Bpemst
Juamerp mydka B (oxyce npumepro B 0.8/ pa3 meHb-
me guamerpa 3bdexkTuBHOl aneprypsr u kodbduiu-
€HT MPEJIOMJIEHUS] OY€HDb CJIah0 3aBUCHUT OT JJIUHBI JIUH-
3b1. HeomHOpoaHOE mormorenne npuBoauT K 3ddek-
TY BU3YAJU3AIUH TPO3PAIHBIX MUKPOODHHEKTOB IPU UX
u300pakeHuu, npuieM n300paXKaeTCst TPAJIMEHT CABUTA,
dasbl, co3gaBaembiii MUKPOOOBEKTOM. OBCYKIAAOTCS
Takxke ocobennoctu dypre-npeobpasoBanust GyHKIAN
IpPONYCKaHUsT OOBEKTA, CBI3AHHBIE C MTOTJIOIIEHUEM.

2. TOYHBIN IIPOIIATATOP
IIAPABOJIMYECKOM HEIIPEPBHIBHO
IIPEJIOMJISIIOIIIEN PEHTTEHOBCKON
JIMH3LI

IIpeanonoxkum, 4TO CHHXPOTPOHHOE W3JIYYCHUE
IPEJBAPUATENBHO MOHOXPOMATH3UPOBAHO W WMEET
JIOCTATOYHO BBICOKYH) CTEIeHb POCTPAHCTBEHHOM
KOT€PEHTHOCTH. TaKWe yCJIOBHS BBINOJHEHBI HA HC-
TOYHUKAX CHHXPOTPOHHOTO W3JIyYEHHS TPETHEro
noxkosenusi [17]. BoiGepem onTudeckyo oCb BJOJb
ocu z (cm. puc. 1) u npeacrasum ofinee penienue
ypaBuenusi MakcBeiuia B BUE

E(.’L‘, Y, Z) = exp(ikz)At(x, Y, 2)7

rjae k = w/c — BoNHOBOE 4ncIo B Bakyyme. QyHKIus
A¢(z,y,2) OIUCHIBAET IIEPEHOC IIONEPEYHON 3aBUCUMO-
CTH BOJTHOBOT'O TTOJIST BJIOE ocu 2. IIpuHumast BO BHUMAa-
HUE, 9TO JJIWHA BOJHBI A = 27 /k Ha MHOrO NOPSIKOB
MEHBIIIE XaPAKTEPHON IJIMHBI B3AUMOJENCTBUS PEHTTE-
HOBCKMX JIy4ell ¢ BemecTBoM A/d, ¢ Goipmioi TouHO-
CTHIO MOXKHO UCIOJIb30BATDH MAPAKCUAIBHOE TPUDIIKE-
Hue, T. €. IpeHebpedb BTOPOH npousBoaHo# oT A; no z
[0 CPABHEHMIO C MEPBOH mpou3BoauOoil. B pesyibrare,

NOJICTABJISIS PEIIEHHE B IPEJCTABJIEHHOM BHJE B yDaB-
uenust Maxcsesuia, nojnyvaem st Gyakuuu Ay (z,y, 2)

A
)

napabosudyeckoe ypaBHEHHE

dA; @ ( d? Ay

o, = ks, 2) A+ o
raen =1—n=4—i8 = 6(1 —ivy). B 3anade o nepeno-
ce W3JIy4eHUs CIUTACTCS 3aaHHBIM BOJIHOBOE TIOJIE HA,
BXOJIHO OBEPXHOCTH JiuH3bI, T. €. A¢(z,y,0), eciu ko-
OpAuHAaTa 2 OTCYUTBIBAETCA OT BXO,HHOI‘;I IIOBEPXHOCTH
smn3bl. BHyTpU peanbHOil cocTaBHOM mH3bI (byHKIHS
s(z,y,2) paBua 1 B 06/1acTsIX, 3aNOJHEHHBIX MATEPUA-
sioM JimH3eL, 1 0 B mycTorax (cM. puc. 1).

Ilepexon x npeneny napaboauydecKoil HENPEPHIBHO
IPETOMJISTIOIIEH JIMH3BI O3HAYAET, YTO TOJIIAHA OJHOTO
JIEMEHTA, P CTPEMUTCS K HYJIIO U OJIHOBPEMEHHO PACTET
qucao 3aemMeHToB N Takum 00pa3om, 9To obIas JUInHS,
JIMH3BI U €€ anepTypa He uaMeHsitorcs. [Ipu arom pac-
TET TAKXKE PAJUYC KPUBU3HBI MOBEpPXHOCTEH. B sTOM
Cly4ae BMECTO PealibHOM byHKuuu (T, ¥, 2) MOXKHO UC-
MOJTB30BATH €€ YCPEIHEHHOE 3HAYEHUE, HE 3ABUCSIIEE OT
IIPOJOJIBHONU KOODJAWHATHI,

B x2 y2 d

3($,y)—30+pR PR’ 30—;- (2)
Ta,Ka,H 3aBUCUMOCTb UMeeT MeCTO TOJbKO BHYTPHU Ireo-
METPHUYECKOH anepTyphl JIMH3BI JTUAMETDOM

a=2[R(p — d)]'/?

(cm. pue. 1). Hac Gyayr HHTEpECOBATH JOCTATOYHO
JUMHHBIE JH3BI, Korda bdektuBHast pabodas 00-
1aCTh JuH3bl (3¢ dEeKTUBHASL ANIEPTYDA) ONPEIEISIeTCs
[IOTJIOIIEHWEM DEHTTEHOBCKUX JIydell B MaTepuaJie JuH-
3bl 1 IMEET Pa3MeD, MEHBIINNA reOMETPUIECKON allepTy-
poi. B aTom cityuae kpaeBbivu b dexkTaMu MOXKHO mpe-
HeOpedb U (POPMAJIBHO CYUTATE, YTO 3ABUCUMOCTH (2)
HMEET MECTO BO BCEH MHTEpECYyIONel HAC 0biacTu mo-
NIEPEIHON IIIOCKOCTH TY.
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O6iee pemtenne ypasrenust (1) mocsie 3aMeHbI § Ha,
S MOXKHO 3allUCATh B BUJE WHTETPAJIBHOTO COOTHOIIIE-
HUA

At (.’L‘, Y, Z) =
- / da'dy' PO (z,y,' o/, ) Ao(a', 4/, 0). (3)

IIHII-siwu3b1, T.€. SApPOM  ypaBHE-
uust (3), saBagercs pemenue ypasHenus (1) ¢ Havajb-
Holi byHKIWMEl B BUjie

IIponararopom

PO (z,y,a',y',0) = 8(z — 2")8(y — ¢/),

rie 6(z) ectb penvra-pyuakuus dupaka. C ygerom Buja
HAYAJBHON DYHKIUMHU JIETKO COOOPA3UTH, UTO PEIIEHHE
MOXKHO MCKATH C IIOMOIIBI) METOHA PA3/IEIEHUS MEPe-
MEHHBIX,

PP (@,y,a',y,2) =
= exp(—iknsoz)Pr(x,2',2)Pr(y,y', 2). (4)

IMapuuansusiit nponararop Pr(z, ', 2) yaosaersopsier
YDABHEHUIO

dPL . x2 (3 d2PL
L _ a2 p g L
&~ Mot T og a2

PL(‘/I:’ xl70) = (5(1! - xl)7

910 ypaBHeHHe (HOPMAJBHO COBIAIAAET C YPABHEHHEM
Ipegunrepa ajis 9acTUBl B TAPAOOTAIECKOM TOTEH-
uaJie, eCJivi KOOPJAWHATY 2 3aMEHUTH Ha Bpemsi. B kBaH-
TOBOI MEXAQHWKE OOBITHO MHTEPECYIOTCS CTAIIMOHAPHBI-
MM COCTOSIHUSIMU U 3aIUCHIBAIOT PEIIEHWE B BHUIE Dsi-
J1a, KaXKJIBIH 9IEH KOTOPOr'O COMEPIKUT MPOU3BE/IEHUE
GbYHKIMHA OT KaXKI0W W3 KOOPAUHAT 10 OTAEJILHOCTH.
B crarpe [16] momydeHo pemieHnme B BHAE IPOCTO-
0 AHAJUTHYIECKOIO BBIPAXKEHHUS] METOAOM IIPeobpaso-
Bauusi @ypbe U PEKYPPEHTHBIX YPABHEHWH st KO-
GUIMEHTOB NPU PA3JUYHBIX CTEIEHSIX T B APryMeH-
Te 3KcoHeHTHI. Huke npeacrasien HGosee npsaMoii BbI-
BOJ TOrO ke camoro pemienwusi. [Ipuaumast BO BHuMAa-
HUE€ TPUHIUI B3AUMHOCTH, DEIIEHUE CJIEAYET UCKATH B
BHJE CUMMETPUIHOH (PYHKIMHA OT KOODJAWHAT T W Z'.
Kpowme Toro, Ha, MaJIbIX MPOIAOABHBIX PACCTOSHUSIX DE-
ILIIEHHE JIOJKHO ObITh BJIM3KO K IIPONAraTopy B IyCTOM
IPOCTPAHCTBE, T. €. K mponararopy Kupxroda,

1 . (z—a")?
——————exp |iT——
(idz)1/2 Az
KOTOprﬁ ABJISICTCS CYHIeCTBEHHBIM IIPDW  OCBCUICHUUA
JIAH3BI TOYEIHBIM HCTOIHAKOM. C APYyTO# CTOPOHBI, OHO

Ple—a',2) = ] . ®

JIOJIDKHO COJIEPXKaTh (DpAa30BBIM MHOXKHUTEJb, XapaKTep-
HBIA JIJIs1 TOHKOH JIMH3BI IIPU OCBEIIEHUUN ee ILJIOCKOH
BosHoM. C yderom 3Tux cooDpaxkeHuit OyjaeM UCKATh
pellleHue B BUJIE

P z,2',2)=T (x, g) Pz —2a,nT (x', 2) ,

T(z,2) = exp (_iﬂj_z) (7)

¢ AByMsl Hew3BecTHbIMU byHkumsamvu r(z) u a(z).

Ha4anpHoe  ycjiOBHE — yJ/IOBJIETBODSIETCS,  €CJIH
r(z) ~ z n a(z) ~ 22 mpu z — 0. Hoxacrasassa Bu
pellleHnsT B yPABHEHWE W UPUPaBHUBAas Kodbduim-
€HTHI IIPM OJWHAKOBBIX CTENEHSX & W Z', IOIydaeM
CHUCTEMY W3 JABYX OOBIKHOBEHHBIX AudbepeHmaabHbIX
yDaBHEHUN

dr da

r
a1 wa_r
dz Y 22’ ®

penienrne KOTOPbIX HAXOAUTCHA TPUBUAJIBHO!

z dr z
= zp8in =, =1-°"=1-cos—.
r(z) = z.sin - a(z) o cos o (9)

B pesyabrare uponararop ITHII-nun3sr 3anucsiBaeTcs

B BHIE
Pi(a,',2) = ——
(2,2, 2) = ————— %
Y (idzes,)1/2
2 12 !
. (2*+2"%)e, — 222
X exp ’Lﬂ'( Je: ,  (10)
AZeS
rIe BBEJAEHBI 0D03HAYEHUS
L2 z
s, =sin =, ¢, =cos—.
Ze Ze

DTO BBIPAKEHWE OTIUIAETCS OT (POPMYJIBI, MOJIY9EH-
HOii B cTaTbe [16], s dopmoii 3anucu. Jannas dop-
Ma 3anucy OoJlee HAINISTHO YYATHIBAET CBOHUCTBA, CHM-
METPHH TIPOTIATATOPA.

Ecau ggana ITHIT-nunaser L < Re 2, TO umeem

PL(‘/I‘.7$I7L) -
L—0
. (2 + 2% + za') ,
LjO €xXp ’”TT P(il,' x ,L), (11)
e
h_ F _#_ R
11—y L 2Npn

— KoMmiIutekcHast JgiuHa (okyca tonkoi ITHII-nun3b1.
Tax kax OpU BBIBOJE ITOIO BBHIPAKEHWS HCIIOIH30BA-
Jock cootHomenue F' > L, B 5KCIOHEHIMAJIHHOM MHO-
JKATEJE MOXKHO NMPUOIMKEHHO 3aMeHuTh 2’ Ha, 2. Kpo-
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To x

‘ 
]

-
— [

To

L

Ti

Puc.2. Cxema akcnepumeHTa ans nsobpaxerusi obbvekta ¢ nomowsto pentreHosckoii MHM-nuH3bI

M€ TOrO, eCJId BTOPAs TPOW3BOAHAS OT (ha3bl HADEraw-
11eii BOJTHBI [10 TOMEPEYHBIM KOOPAUHATAM MHOI'O MEHb-
e 27 /AL, To mpomaraTop mycroro mpocTPAHCTBA MOXK-
HO TPUOJIMKEHHO 3aMEHUTD HA JIENIbTa-DYHKIWIO, 9TO
IIPUBOJAUT K BBIPAIKEHUIO

Py (z,2',L) ~ T(z, F,)é(z — 2'),

OBBIYHO WCIIOIB3YEMOMY B NPUOJUKEHWA TOHKOM JIMH-
3b1. Dopmyia (11) naer Gonee ynusepcajbHOe PUBIIH-
KEHWE TSI TPOIIAraToPa, TOHKOM JIMH3HI.

OueBugHO, HAWIYYIIAME CBOHCTBAMH OOJIaIaeT
ITHII-nuu3a, y koropoi mapamerp v = /4 umeer mu-
HUMAJBHOE 3HadeHue. J{Jist 9TOl e peasibHbIe JIMH3BBI
JIEJTAIOTCS W3 JIEMEHTOB C MAJIBIM 3HAYEHUEM ATOMHOI'O
HoMepa, Z (muTuii, Gepwiuimii, yrjepoi, aJroMAHWA).
IIpakTudecku BO Bcex mHTEPECHBIX cayuasx vy < 0.005.
Ecau npenebpeds MOrJIOMIEHHEM, 9TO CIIPABEAIABO, IO
KpaitHell mepe, juisi syueil BOJIM3M ONTWYECKOW OCH,
TO W3 TOYHOT'O BHIPAKEHUS [JTsI TPOIIATATOPA, CIEAYIOT
BosiHOBO1HBIE cBOMCTBA, [THII-sva3e1. Ilpu

x (DR 1/2
2\ 26

= 0. Caenosarenbno, [THII-nun3a ge-

L=ILo= g(LF)l/z -

umeeM s, = 1, ¢,
smaet npeobpazoBanne Pypoe nHaberaromeii Boubl. [Ipu
L = 2L, nponararop pasen 6(x + z'), cooTBETCTBEH-
uo, [THII-siwH3a Bocmpon3BoauT HADETAIONIY IO BOJIHY HA,
BBIXOji€ B wHTEpCUpOBaHHOM Buae. Ilpu L = 3Ly jun-
33, CHOBA jeiiaeT npeobpasosanue Pypre, HO C APYTUM
snakoM. Hakonerr, mpu L = 2Ly muH3a TOYHO BOCIPOU3-
Boaut Haberarouyio BosHy. Ilpu nanbHelinem yBenude-
v Juiabl [THII-ua361 90 (passl MOBTOPSIIOTCS BHOBD
¥ BHOBb. Hajim4ue OIIIOIIEHNST PEHTIEHOBCKUX JIy9ei
B ITHII-sivH3e npuBOAUT K TOMY, 9TO KaK n300paKeHue,
TaK u npeodpazoBanue Pypbe TPOU3BOIAATCS B OrPAHU-
YEHHOU 00JIaCTH BHYTDPH MOCTEINEHHO YMEHBIIAIOIIEHCS
ANEPTYPHI.

3. TIPOITATATOP N30BPAXKEHUNS C
ITOMOINIBIO ITHII-JIMH3BI
IMIPOU3BOJILHOM JAJIMHBI

B peanbHOM 3KCIEpUMEHTE W3Yy9AEMbI OOBEKT,
JIMH33, U JIETEKTODP HAXOJSITCS HA CPABHUTEJBHO BObh-
IIAX PACCTOSHUSIX APYT OT APYyra, KaK BUJIHO HA PUC. 2,
Ijie TakyKe MOKA3aHbI 0003HAYEHUS JIJISI PACCTOSHUN U
oceii koopauHaT. Paccmorpum Gosiee CIOXKHYIO 33129y
O [IEPEHOCE BOJIHOBOTO MOJIST U3 IIOCKOCTH CPA3y 38 00b-
€KTOM B ILJIOCKOCTb AeTeKTopa. O4eBUIHO, IPOIAraTOD
9TOM 331891 TaKkKe (HAKTOPUIYETCS O KOOPUHATAM X
uy. HO3TOMy A0CTATOYHO BBIYUCIUTDH TOJIBKO IIapIH-
aJbHBIA nponararop uzobpaxkenust G(2;, Zo, To, L, 7).
On onpegensiercs caepTkoit nponararopa ITHII-juH361
¢ npomararopamu Kupxroda, COOTBETCTBYOIIAME TyC-
TOMY IIPOCTPAHCTBY,

G(zi,20) = /dxdx'P(xi —z,7;) X

X Pz, 2’ L)P(x' — z0,70). (12)

3mech U Jajee Jisi TPOCTOTHI 3AMUCA OMYIIEHBI IPO-
AOJIBHBIE DACCTOAHUSA B CIIMCKE a,prMeHTOB aponararo-
pa u3006pazkeHus.

Juist pacdera WHTErPAJIOB UCIOJIBL3YEM CJIELY O
agropurm. IIpesxie BCETO PACCMOTPHM IIPEIETBHBIN
ciy4dail TOHKOH JiuH3bI, Korga Pp(z,2’,L) 3amenser-
cst va T'(z, F,)6(z — 2'). CoorBeTCTBEHHO, OIPONArATOD
OUPEJIENISIETCST OMHOKPATHBIM HHTETPAJIOM,

GO (.”L'i, .’L'O)
- / dzP(z; — 2,r)T (@, F)P( — 2orr0). (13)

DTOT WHTErPAJ CBOIUTCS K IpeobpaszoBanuio @yphe ot
rayccoBoii (GhyHKIMH W PABEH CHOBA, rayccoOBOil (hyHK-
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muu. Pesyabrar yao6HO 3a0ucaTs B CIIEAYIONIEM BUJE:

Go(zi, o) =
—T (x ’"—9) P(; — 20,7,)T (x ’"—9) . (14)

(] o

€ BBEIECHDbI IIapaMeETDHI

(15)

3amerum, uro Beipaxkenme (14) mus npomararo-
pa u300pakeHusl ¢ NOMOIIBK) TOHKOH JIMH3BI COBIIA-
naer no ¢dpopme ¢ BoipaxkenueM (7) Jjisl OPONATATODA,
ITHII-siua3e1. I3 9TOr0 BRIPAXKEHUS HEMNOCPEACTBEHHO
caiejiyer, 9ro B npejednie ¥ = 0 U IpU BBINOJIHEHUU YCJIO-
Bust 7y = 0 (opMysIa TOHKOIM JIMH3BI) [IPOHATATOD

GO (fl’i, .’L'o) = Ml/z(s(xl + xOM)7

rae M = r;/r, — dakrop ysenwdenns. Takum obpa-
30M, 9TO BBIPAXKEHWE BOCIIPOU3BOIUT HW3BECTHOE CBOMH-
CTBO TOHKOIi JiuH3bI (POKYCHPOBATH U300PAKEHUE TPU
BBIIOTHEHUH HOPMYJIBI JIUH3BI

-1, -1 _ p-1
r,o+r, =F.

Ta,K)Ke JIETKO BUJIETDH, 9YTO, KOT'JA BBINTIOJIHACTCS YCJIIOBUE
ao =1, 1.e. r; = F, 4jien, NpONOPIUOHANILHBIN T2 B ap-
[YMEHTE 9KCIIOHEHTBI, UCYE3AET U IIPOIArATOD IPOU3BO-
aut npeobpazoBanue Oypbe BOJIHOBOIO MOJIs, PACIONO-
JKEHHOT'O B IJIOCKOCTH CPa3y 3a obbekToMm. OIHAKO, ec-
Ji OOBEKT OCBEIIAETCS TOYEIHBIM UCTOYHUKOM, TO By-
pbe-tipeobpazoBanue MYHKIMA TPOXOXKICHUS 0OHEKTA,
JIENIAETCS B INIOCKOCTH (DOKYCUPOBKY TOYEYHOIO HCTOY-
HUKA. DTO CBOMCTBO TAKKE CJIEJYET U3 BUJIA IIPOIIATATO-
pa (14), HO aJis €ero JOKA3ATENBCTBA, HEOBXOAUMO PO~
BECTH JIONOIHUTENBHBIE DACYETH (CM. HUXKE).
IMoncrasusisi Boipazkenue (7) il OPONATaTOPa,
ITHII-nun3er B uarerpas (12), moxydaem BbIpasKeHHe

G(z5,20) = /de(xi —z,r;)T (x, r—L) X
ar,
X /dx'P(x -z, r)T (x', Z—L) P(z' — z0,70), (16)
L

TOE T, = 2¢81, ar, = 1 — ¢1.. 3aech mATErpat Mo &' K-
BuBaJieHTeH uHTerpady (13), Ho B APYrUMu BhIDAZKEHU-
MU 71 TapaMeTpoB. IloacTaBiss BMECTO HHTETrPaa,
ero pemenue (14), onsars nosnydaem uarerpas tuna (13)
C HOBBIMH TIApaMeTpPaMu. B pesysbTare, BHIOJHUB CO-
OTBETCTBYOIHE anrebpandeckue mpeodPa30BaHMs, 110~
JIy4aeM TOYHOE BBIDAXKEHWE Jisl IIPONararopa, u3obpa-

xkenusi ¢ nomot s [THIT-jmuH3b1 TPOU3BONIBHOMN JITTHHBI
B BUJIE, AHAJIOTUYHOM CJIy9al0 TOHKOHN JIMH3BI:

G(zi,20) =T (xz', C—g) X
a;
X P(x; — 20,7¢)T (xo, ~—) , (17)
HO Telepb NapaMeTPhbl PABHEL

~ ol
Tg = (ro +1i)er + (zc— ° Z)sL,
% (18)
~ To ~ i
a;=1—cp+ —sg, aG,=1—cr+ —sg.
Ze Ze

WnrepecHo, 9T0 HOPMYABI JJisi HOBBIX IIAPAMETPOB
TAKXKE MOXKHO 33IIMCATH B BUJIE, AHAJOTHIHOM CIIY 9A10
TOHKOU JIMH3bI:

~ o~ ToTi ~ _To . _ T

Tg=To+Ti— =, Gi==, Go==, (19)

Fe Fe Fe

ecau BBeCTH ODODIIEHHBIE KOMILIEKCHBIE PACCTOSHUS

To =To+br, Ti=ri+br,
ﬁc = i, bL :ﬁc(l—CL). (20)
SL
Ilony4dennsiii pe3ysibTaT uMeeT OOJBIIOE SHAYEHWUE, TAK
kak OH noka3wiBaer, uro IIHII-jmH3a npowssonbHON
JUIWHBI WMEET, [0 CYIIECTBY, T€ XKe W300DarKAroIme
CBOICTBA, YTO W TOHKAs JinH3a. B 9acTHOCTH, OHA HE
umMeer abeppanuii B TOM CMBICIIE, YTO BCE TPAEKTOPUHA
Jydell CXOAsaTCa B OJHON TO4YKe, B OTJIA4Ne, HAIIPAMED,
ot smH3bI cO chepuueckum npodumiem. Ecim 6b1r mo-
[VIOIEHUE OTCYTCTBOBAJIO, TO JIMH3a (hOKyCcupoBasia, Ot
TOYEYHBIA WCTOYHUK B TOYKY. Pa3mbiTve TOYKU n306-
DParKeHWsI, CBSI3AHHOE C MOTJIONIEHNEM U3JIy9eHUs] U KO-
HEYHOCTHIO AMEPTYPbI, OOBIYHO CBI3BIBAIOT C KOHEYHBIM
paspermeauemM Juna3bl. C IPYToi CTOPOHBI, IPOCTHIE AHA-
JIMTUYECKHE BHIPAKEHUS JJTs1 ODODIIEHHBIX PACCTOSTHAN
ITO3BOJISIFOT JIETKO MOy YUTh COOTBETCTBYIOIIHE HOMIPAB-
KW, KOTOPBbIE HEODXOJAWMO BBECTH B IKCIIEDUMEHTAJb-
HYIO CXEMY.
Hanpumep, B ipeiesie MaJIoii AJUHBI JIAH3BI IO CPAB-
HEHHUIO ¢ jumHON dokyca, L « F, pasmaras CUHYC U
KOCHHYC B CTEHEHHOU PsiJI, TOIYIAeEM

~ 1 o 1 ~ 1
ro:ro+§L, ri:ri+§L, Fc:Fc+6L. (21)

Sror pesyabrar, nojydeHHbid paHee [18] mpubimken-
HO U JIOCTATOYHO CJIOKHBIM CHOCOGOM, SIBJISIETCS €CTe-
CTBEHHBIM TIPEJEIbHBIM CIY9aeM TOYHOM Teopuu. U3
HEro CJEeAyer, 9TO JaKe IIPH 3aMeTHOH jjuae L
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ITHIT-siun3sl (IeCATKA CAHTUMETPOB), YIOBJIETBOPSIIO-
et yenosuo L € F, ee MOXKHO TPAKTOBATH TAK TOH-
KYI0 JIMH3Y, DACIOJOXKEHHYIO HA, CEPEeJIUHEe, C OIHUM
JIAIG OTaMIueM. A uMeHHO, ayuHa HOKYCa, PACCIUTAH-
Hasi 0 (POPMYJIE TOHKOM JIMH3BI JIOKHA OBITh yBEJIH-
YEHA, HA, OJIHY MIECTYIO YaCTh JJIAHBI PEAJIHHOMN JIUH3HI.

C apyroii CTOPOHBI, TPU HYJEBBIX DPACCTOSHUSX
IPONATATOD W300PAKEHUsT COBIAIAET ¢ MTPONATATOPOM
ITHII-suu3e1. OTMETHM €l1e OJHO OYEBUIHOE CBOMCTBO
IPOIAraTopa, W300pAKEHUs], 8 WMEHHO, €ro CBEepTKa,
¢ npomnaratopoM Kupxroda or TOIeIHOrO UCTOIHUKA
P(z, —x4,75) OnuchIBAETCS TEM 2Ke BhIpaxkenuem (17),
B KOTOPOM X, HAJIO 3AMEHUTH HA, Ly, & T, HAAO 3aMe-
HUTb HA, Ty + rg. IIPU TOKA3ATENHCTBE 9TOTO CBOUCTBA
HCIIOIB3YETCSI COOTHOIIEHWE

.~ o~ o~ Ty
Ao + A — Gol; = =,
F

(22)

caiejyromiee u3 onpejenenui (19).

4. OIEHKA PASMEPOB AITEPTYPHBI 11
®OKYCA IJId TIAPABOJIMYECKOMN
HEITPEPBIBHO TTPEJIOMJISIFOIIIEN

PEHTTEHOBCKOW JIMH3HI

BaxkHoe npakTHIECKOe 3HAYEHUE UMEET TOTHOE 3HA-
HHE TAKAX TAPAMETPOB Kak pasmepsl 3hdeKTuBHON
AnepTypPhl PEHTITEHOBCKOM JIMH3BI U PA3MeEPbI (DOKYCHO-
ro nsTHaA Tpu HOKYyCUPOBKE MJIOCKOI BOsHBI. B onTuke
BUJMMOI'O CBETA AIEPTYPA ONPEJIEISIeTCS] TeOMETPHIe-
CKUMHU DPA3MEDPAMU JIUH3BI, T. €. TOH [JIOMIAIAHI0, TPOXO0-
JIsL 9epe3 KOTOPYIO, JIy4dn 3aTreM cxomasarcs B ¢okyce. B
CJIydae TOHKOHU IOIVIOIIAIIENA DEHTTE€HOBCKON JIMH3bI
JOCTATOYHO PACCMOTDPETH PACHPE/ICIEHAEe HHTEHCUBHO-
CTHU W3Jy9eHHUs CPa3y NOCJHE JIMH3BI IPU OCBEIIEHUH €€
IJIOCKOH BOJTHOU, OPUEHTUPOBAHHON BAOJIb ONTUYECKOMN
ocu. IIpu srom 3dbdexkrTuBHas ameprypa onpeaessieTcs
[IOTJIOIIEHUEM U3JIYYE€HUSI B MATEPUAJIE JIUH3bL. TaK KAK
B IIyCTOM IIPOCTPAHCTBE WHTEIPAJIbHASI HHTEHCHBHOCTD
BOJIHBI COXDAHSIETCS, MEXK/Y DA3MEPAMH ANEPTYPHI U
GboKyca CyIUIEeCTBYIOT IPOCTHIE SHEPTETHIECKHE COOTHO-
meHust. JJist TMH3BI TPOU3BOIBHOMN JAJTUHBL, PACCMATPH-
BAeMOU B JIAHHOH CTaTbe, TAKOW MNOJXO/] HE TOHUTCS,
TAK KAK YaCTUYHAS WM NOJHAS (HPOKYCHPOBKA MAIAI0-
1eif BOJHBI MOXKET IIPOUCXOIUTH B camoii ma3e. [ToaTo-
MY pacupeeieHue THTEHCUBHOCTH U3JTYYE€HUS CPA3Y 33
JIMH301 He JaeT IPEACTABJIEHUS O PeaJIbHOU ameprype
mua3bl. Aneprypy mmuanoii ITHII-n1ua361 MOXKHO Ompe-
JlesaTh Yepe3 cBolicTBa nponararopa G(z;, x,). Pac-
CMOTPHUM 3/IeCh JIPYIoii, Bojiee MPOCTOii, MOAXO I, OCHO-
BAHHBIN HA dHEpreTudeckKux coobpaxkenusx. Ilox ad-
GbekTUBHON anepTypoi JAUH3BI OyJAEM MOHUMATH UHTE-

IPaJIbHYI0 HHTEHCHBHOCTDL W3JIydeHHus! B (POKyCe, KOTO-
pas PaBHA MHTEHCHBHOCTH ILIOCKOH BOJIHBI, IIPOIIEJ-
meil Yepes JUH3y, He IOTJIOTHBIIACL. 1Ipy 3TOM MBI He
YIATHIBAEM MAPASATHOE MOTJIOIIEHAE HA TOHKUX 9aC-
TSIX IEMEHTAPHBIX JIMH3 TOMUHOM d (cM. puc. 1).

Huxe OTPAHUYUMCS CJIydaeM, KOTJAa JIJUHA JIAH3BI

o

L<Ly= §Lc, L, = (LF)1/2 _ (

PR 1/2
%)
B srom mHTepBasie anuH JuH3a HOKycHpyeT HADEraro-
IIyI0 BOJHY B IPOCTPAHCTBE HA, paccrosauu 7; > 0.
IIpu sTOoM ans onpeneneHus pa3mepoB hOKYCa MOK-
HO AHAJU3WPOBATH PACIPEIEJIEHUE UHTEHCUBHOCTH W3-
JIyY€HHUS] B IPOCTPAHCTBE IOCJIE JIMH3BI IPH OCBEIIEHUN
€e TIJI0CKOI BOJTHOI. JIBe momepeyHbie KOOPIMHATHI CHO-
Ba HAKTOPU3YIOTCS U JOCTATOYHO PACCMOTPETH PACIIPE-
naenenue Baosb ocu . OYEBUIHO, AMIUTUTYJY BOJHBI
HOJIy4rM, BBIMUCISST CBEPTKY nponararopa (17) ¢ emxu-
HugHOHN byHKIMEH, He 3aBUCSIIEH OT KOOPJAWHAT, T. €.
HHTErPUPYS 1O KOOPAWHATE Z,. VIHTErpaj CBOIUTCS K
npeobpazoBanuio Pypre rayccoBoii HyHKIUU W BBIYUC-
Jsiercsi To9HO. B pe3ysiprare mojyv4aeM, UCIOIb3ys CO-
orHouteHue (22),

A(z;) :/dxoG(xhxo) “\F = x

—7/7T~7Z =

X exp
/\(Fc - 7~'z)

1/2
( Ze ) / [ . .”L'%SL
= —2 exp |—in——————
2cCL — T381 Mzeer, — 1is1L)

3aMeruM, 9TO PE3YJIbTAT HE 3ABUCAT OT PACCTOSHUSI
ro. C (bU3HIeCcKOl TOYKU 3PEHUST OYEBUJIHO, UTO ITO
BBIPAXKEHUE MOXKHO HOJYYATh U HEMOCPEJACTBEHHO W3
nponararopa usobpazkenus (17), paccMaTpuBast TOUKY
BOIM3K OOTUYIECKOR OCH HA DECKOHEYHOM PACCTOSTHUM
To W JIEJISI €r0 Ha, aMILuATy 1y npomararopa Kupxroda
HA TOM XK€ DPACCTOSIHUM, [MOCKOJIBKY TOYEYHBIA HCTOY-

(23)

HUK Ha OECKOHEYHOM PACCTOSIHUU JAET IJIOCKYIO BOJIHY
Nepes, anepTypoit JIUH3HI.

Kax cnenyer u3 (23), mwiockas BOJHA Nepej, JIMH-
30f NIPEBPAIIAETCS B TAyCCOBY BOJIHY IIOCJIE JIMH3bI
HA BCEX DACCTOSIHUSX OT JIMH3bI. JIJIsi PEHTTeHOBCKOM
ITHII-siwH3b1 TPOW3BOABHON JAJIUHBI BCE TAPAMETPHI SB-
JISIOTCST KOMIUTEKCHBIMA. [IpuHWMAast BO BHUMaHUE, 9TO
IapaMeTp MOrJIomenns y < 1, 1715 Ka9eCTBEHHOH! OIleH-
ku OyIeM UCIONB30BATE JIMHEHHOE TPUBIIHKEHUE TIO 7.
C y4yeroM NOPUHSATOrO OUPAHWYEHUS] HA, JJIUHY JIAH3BI
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nMeeM COOTHOIIECHUA

stSL—i%uLCL, c, = Cy, +i%uLSL,
. (24)
20 = Le (1+i—),
2
I'Z1€ BBEJECHbI BENICCTBEHHBIC (l)yHKIH/II/I
Sp =sinug, Crp=cosur, ur=L/L..

MaxkcuMajibHAS WHTEHCHBHOCTH JIOCTHUTAETCST HA
DACCTOSHUM 7; TOCJE JIMH3BL, YJAOBJIETBOPSIOIIEM
YCIIOBHIO

Re(zqcp, —risg) =~ L.Cr, —r;S;, =0,

r.e. r; = FpCyr,. Ilpu stom

1 2
A@)? = —— exp (——”x%) ,

A
) YorL Y Laz (25)
ur, ¢
= — — F = —,
oy, 2(0L+SL)’ =3,

Hcnonp3yst monmydeHHOE BBIPAXKEHWE, JJIS WHTETPAJb-
HOI unrencuBHocTH hokyca, (3ddexTuBHOM anepTyphI)
HOJIy 4aeM

\F 1/2
A= [daa@r= () L (o

a Jisl OJIHOM NIMPUHBI HA IOJIOBUHE BBICOTHI (II0JIY K-
DHHBI) IIHKA, MHTEHCUBHOCTH B (hOKyCce umeem

F
s, = 0.664(yA\Frap)/? = 0.47AA—L. (27)

Y

B ciyuae Tonkoii muH3bL, Uz <€ 1, U3 31X COOTHO-
IIEHUH Caemyer

12 F\'/?
ri=F, F=-% A,=0707 (A—) ,
P v (28)
5, = 0.664(yAF)/2 = 0.47°—.
A’Y

B apyrom npemensHOM ciiydae, ur = /2, moixydaem

AL, 1/2
ri =0, A7:0.798( ) ,

(29)
1/2 AL,

¥
Taxum obpaszom, onpenesenne 3¢dhbeKTUBHON anepTy-
DBl 9€PEe3 WHTErPAJIBbHYK) HWHTEHCHBHOCTH (DOKyCa HE
OPUBOAAT K mpotuBopeunsiMm. B caydae camodokycu-
pyrorie aua3sl 0000mennas aiuuHa hokyca B 1.57 pa3

MEHBIIE JUIAHBI CaMOol JnH3bl. (QYeBUHO, 9TO MUHU-
MaJjibHAS JUTHHA, (HOKYyCa, KOTOPYH MOXKHO HOJYYHTH
JISL TUH3BI C 33JAHHBIMHA HAPAMETPAMH PAJIAYCA KDHU-
BU3HBI R, TO/NIIWHBI 9JIEMEHTAPHON JIMH3BI P W JIEKDE-
MeHTa, Ko burmenTa npesomyenus 6. U3 nomyvdeHHbIx
COOTHOIIIEHUI CJIE/IYET, 9TO [IPH BCEX SHAYEHUSX JAJTUHBI
JINH3BI JIMHEWHBIH pa3mep dbokyca npumepHOo B 0.8y pa3
MEHBIIIE JIMHEWHOTO pa3Mepa, 3¢ deKTUBHON anepTyphi,
OpuYeM YUCJIeHHbIH Kodddumuent ouens cmabo 3aBu-
cut OT jyaHbl JuH3bl. ClIeI0BATEIBHO, ¢ POCTOM JIJIH-
HBI JIWH3BI Pa3Mepnl GhoKyca u pasmeps 3bdeKTUBHON
ANePTYPHI YMEHBIIAKTCS TPOIOPIUOHATIBHO APYT JIPY-
Iy, & CTENEHBb CXKATHS IIYYKA 3aBHUCHUT TOJBKO OT hak-
TOPA TOTJIONIEHUS 7.

B zakirtoueHne 3TOrO pasjiesia IMPUBEIAEM HEKOTO-
Dble YHCJIEHHBIE 3HAYEHUS [JIsI IAPAMETPOB AJIOMHU-
HueBbIx JmH3 Jlenrenepa [9-12] npu sHeprum doro-
HOB 25 k3B. DTu JUH3BI UMEIOT CIEAYIONHE TAPAMET-
pe: p = 1 MM, R = 0.2 mm, § = 8643 - 1077,
v = 2.02-107%, L, = 34 cm. Jas JAmH3LL, COCTOS-
medt u3 100 s/1eMeHTOB, KOTOPas PeaJbHO HUCIOJIb30Ba-
Jachk B 9KcmepumenTtax, umeem L = 10 cm, ur, = 0.294,
Fr, = 1174 cm, af = 0.986. B stom caydae addek-
THBHAs aneprypa pasHa A, = 120 MkM, a pa3perienue
siua3bl 84 = 0.23 MM, C pOCTOM 4HCIIa IJIEMEHTOB STH
[IAPAMETPHI IUVIABHO YMEHBINAKTCs. TaK, /TSt JIUH3BI U3
300 2reMeHTOB JIerKo BhraucauTh 3uadenns L = 30 cwm,
ur = 0.882, Iy, = 44 cm, o = 0.889. B srom caaydae
s dexrusHas aneprypa pasHa A, = 78 MkM, a pa3pe-
IIeHve JUH3E paBHO 8, = 0.13 Mxm. HecmoTpsa Ha TO
9TO ANepPTypPa JJIWHHON JIMH3bI YMEHBIIIAETCS, OHA, UME-
€T JIydlllee PA3pEIeHre U MOXKET ObITh MOJIE3HOW PU
n300paKEHUH MEJKUX OOBbEKTOB Uin ux (hParMeHTOB.

5. TSBOBPA2KEHHWUE TOYEYHOTI' O
NCTOYHUKA

Paccmorpum u3obpazkaroniue CBONCTBA PEHTTEHOB-
ckoii ITHII-simH3bI, KOTOPBIE CAEAYIOT W3 IIPOMATATO-
pa (17). B jauHeliHOM 1O MaJjOMy HApaMerpy -y ODH-
Onukennn (HOKYCHPOBKA, M300PAKEHUS] TOYEIHOIO HC-
TOYHUKA, CABAHYTOIO HA T, OT ONTHYECKONH OCH, ITPOUC-
XOJIAT HA DPACCTOSIHUSX, YIOBJIETBOPSIIOIIAX COOTHOIIIE-
HUO

Re(F,) = (r; +10)C1 + (Lc - %) S, =
C
=Tl +ToL — % =0, (30)

rhe ror, = 7o+ Br, rir, =7+ B, Br = Fr.(1 - Cy),
Fy, oupeneneno B (25). Ucnons3sys 06061eHHbIE Belle-
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CTBEHHBIE DACCTOSIHUS, TO YCJIOBHAE MOXKHO 3aIIUCATDH B
Buje GHOPMYJIIBI TOHKOH JIMH3BI,

-1 -1 _ 1
ri, +ro., = Fr .

IIpu BemmomHeHNN yemoBus (30) mapamMeTp 7y CTAHOBUT-
Cs1 YUCTO MHUAMBIM, 3, JIJTsI TIAPAMETPOB G; U G, JOCTATOY-
HO HUCHOJB30BATH TOJBKO JEHCTBATEIBHYIO YaCTh, T. €.
mosioxkuTh Yy = (. B sTOM mpubsukerun mponararop
OPUHUMAET BUJ

Gz, z0) = —iMl/zdg(xi +z,M), (31)

rie

(32)

Taxum ob6paszom, mpomaraTop npejcraBisier coboi
rayccoBy (byHKIHI ¢ MAKCHMYMOM, IEHTD KOTOPOTO
PACHOJIOKEH B TOUKe T; = —Z,M. 3amerum, 910 hak-
TOp yBeWdeHWs B OOIIEM CjIydae JJIMHHOW DEHTIe-
uoBCcko# ITHII-nuH3bI MOXKET 3aMETHO OTAUYATHCS OT
0bb19HOTO (hakTOpa, YBEJIUYEHUS TOHKOM JIMH3BI, MIPO-
HOPITMOHAJIBHOIO OTHOLIEHHIO 7;/7. COOTBETCTBEHHO
WK WHTEHCUBHOCTH W300PAXKEHUsI ONUCHIBAETCH DyHK-
nuei

Ips(xiyxo) - |G(.’L‘i,.’ll‘o)|2 -

[

2no2 o

JJist KOTOpoit s, = 1.665¢. Beipaskenue must Im(7;) B
ycrnoBusix (POKYCUPOBKY W30OPaAKeHUsT UMeET Hauboee
POCTOM BUJT B TEPMUHAX OOBIYHBIX DACCTOSHUIM:

Im7y = v[LeSt + (ri +10) @] -

B rtepmunax 0OOOIIEHHBIX PACCTOSHUN MAPAMETD IIIHU-
DPHUHBI TUKA PABEH

/\aLrlL 1/2 /\TiL KL 1/2
ag=1v KL = —_— s
27 Fy, A, \ 4n (34)
Ky =1 2BLFy, (1_ 1+CL) ’
TiLToL 20

rge A, — amepTypa JIHH3HL, ONpeieteHHas B (26).
Paccmorpum cHOBaA npesenbHble ciaydan. Jas Ton-

KOIi JiuH3eI, Korja L & F, yciioBue DOKYCUPOBKH UMeE-

et obbraubiii Bua ;47,1 = F~1, daxrop yesmdaenus

paBer M = r;/ro, & 8y = 0.47Ar;/A,. Hua camodoky-
cupyoteii jaun3st ¢ gymHol L = (7 /2) L, ycnosue dbo-
KYCHPOBKH, (PDAKTOD YBEJIMICHHUS W MOIYIIAPHHA, Ope-
JIEJISIIOTCS] BhIPAYKEHUSIMU

Lg 1+ h;
To=—, =1
T 1+ h;
AL 0.726
= 047251+ k) [1- ——=——), (35
5 AW( )( 2+hi+h;1)
i

B upenene r, — 0o cuoBa npuxoaum K (28). C apyroii
CTOPOHBI, B IPEJENE 1'; — 00 B 000MX Cydasix Kak ¢dhak-
TOP YBEJUYEHWS, TAK U MAPUHA, W30OPAKEHUsT HEOIPa-
HUYEHHO PACTYT, OJIHAKO OTHOIIEHHE PA3MEPOB U300pa-
JKEHUS] TOYKHU K Pa3MeDPy BCeli KapTUHBI IPAKTUYECKU
HE MEHHAETCs.

OTMeTuM WHTEPECHYIO OCODEHHOCTD JIMHHBIX JIUH3.
Kak 6bL10 TIOKA3aHO BbIIIE, CAMON30DPAIKAIOMIAS JIHH-
3a umeer jamuny L = wL, = 3.14L.. C apyroi cro-
poHBI, caMOGOKYCUDYIOIIAS JTUH3A, UMEET JIJIWHY B 1B,
DPAa3a, MEHBIIIE, B TO BPEMS KAK JJINHA YKCIIEPUMEHTAIb-
HOM cxeMbl st nw300paxkenusi 0€3 yBeJIMYEHUs] PABHA,
(24 7/2)L, = 3.57L., uro ne HamHoro jyumuHee. ITo
9TOH OPUYMHE UCIOIB30BATH JIUH3BI C YPE3MEPHO DOIB-
IIO# JAJIMHON Heleaecoobpas3Ho.

6. COPOKYCHNPOBAHHOE N30BPAXKEHUE
OBBEKTA

B peasbHOi cuTyaluy PEHTIEHOBCKOTO YKCIIEPUMEH-
T C TOMOIIBIO JIMH3BI W300PAKAETCS OTHOCUTEIHHO
TOHKHUH O0BEKT, KOTOPBIA OCBEIIAETCS BOJHOM, W3/Tyda-
e€MOf TOYeIHBIM UCTOTHUKOM, PACIIOIOKEHHBIM HA, PAC-
CTOSIHUH 7'y OT ODBEKTA W WMEIOIIMM ITONEPEYIHbIE KO-
OPJIVHATHI Ly U Ys. KAK MPABWIIO, HICTOYHUK UMEET KO-
HEYHBIE PA3MEPBI, HO PA3HbIE TOYKHA UCTOIHHUKA HEKO-
TEPEHTHBI, TOITOMY HA KOHEYHOH CTA U PACIeTa HEeOb-
XOJUMO MPOBECTH UHTETPUPOBAHUE WHTEHCUBHOCTH IO
KOOPAMHATAM MCTOIHUKA. B 3TOM pazgese orpaHuaInmM-
Cs CIIy9a€eM, KOTA PACCTOSHUE OT UCTOTHUKA, /10 O0beK-
Ta JOCTATOYHO BEJIMKO W YIJIOBBIE PA3MEPHI HCTOYHUKS,
B IJIOCKOCTH OOBEKTA HE NMPEBBIIIAINT XAPAKTEPHBIX YI-
JIOB paccessHust oObekToM. JIpyrumu CioBaMu, BBIION-
HSIOTCSl YCJIOBUSI KO€pPEeHTHOrO n30bparkenusi. BomHo-
BOE IIOJIe B ILIOCKOCTH W300pazKeHusi 0ObEKTA, OTHECEH-
HOE K AMILTATY/IE MAJAA0IEN HA OObEKT BOJIHBI, BBIYUC-
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JISIETCSI ¢ IOMOIIIBIO WHTETPAJIA,

A® (i yi) =
= iArg / dxodyoth) ($i,yi7x07 yo)T(xmyO)’ (36)

rie

th) (fl’i, Yis Lo, Z/o) =
= exp(—tknsoL)Gs(2i, 20)Gs(Yis Vo),  (37)

b yHKIHS

Gs(%i,%0) = G(24,%0) P(To — T5,7s5)
npeacTaBasgeT coboit mAPIUAIBLHBIA TPOIAraTrop u3006-
paxkenusi 00beKTA, a DyHKIUS

T(20,Y0) = explit)(Zo,Yo)]

ONMCHIBAET MEPEHOC W3JTYyUeHUsT 4epe3 OObEKT, T. €. siB-
qsiercsi pyHKIHUeH 00beKTa.

Kak 6pu1o moka3aHo Bbllle, B YCIOBUsiX (OKy-
cupoBKU u306pakenuss Touek obbexta (30) Momysb
G (i, Yis Tos Yo ), DACCMATPUBAEMBIH KAK (hyHKIMS KO-
OPJIMHAT o, Yo B 33/IAHHOM TOYKE HA IJIOCKOCTH U300pa-
KEHUST X;1;, UMEET PEe3KUM MAKCUMYM B TOYKE C KOOP-
TUHATAMY (Zoi, Yoi), TAE Toi = —Zi/M, Yor = —yi/M.
3/1ech, Kak W B IpeApLayeM pasgene, M = r;1/ToL.
IIpeamonoxum, aro komuiekcHas dhasa byskun 00b-
€KTa, SBJISIETCS IJIaBHOU byHKIHeH B mpeaenax obmacTu
MakcuMmyMma, nponararopa. Torna B addexruBHol 06-
JIACTH WHTErPUPOBAHUSA (DYHKIAI OObEKTA MOXKHO all-
NPOKCUMUPOBATH BHIPAXKEHUEM

T(xmyo) =

= exp “Pz'Hfz [é‘zw (To— xoz)+§zy (Yo— yoz)] (38)

C KOMIJIEKCHBIMH IIapaMeTpaMA

i d’l,b (xoh yoi)
27

wi = w(xohyoi)’ dz 3

giw =

A dw(xoh yoi)

3aBUCAIIUMHA OT KOODAWHAT TOYKH I/I306pa,)KeHI/IH.
B srom cityuae BotHOBOE noste w306paXKeHUsT CHOBA,
dakTopusyercs,

AW (z;,;) = exp (—iknsoL + it;) x
x A® (z;,4:) AW (2, y5),  (39)

U, HAIIDUMED,

A® (xm yz (7//\7'8)1/2

/dxo (25, 20)P(2o — x5,75) X

X exp [z?&m (o —T0i)| - (40)

Bamernm, aro bynxmus A®) (z;,y;) 3aBucur or y; ma-
pamerpuyecku uepe3 &;,. Ilpuw Beramciienuun wHTErpA-
J1a, UCHob30BaTh npubsmkenue (31) HemocpeaCTBEHHO
HEJIb351, TAK KAK B HEM y2Ke IPOBEIEHO PA3JIOKEHUE IO
CTEMEHSIM Y U HOITOMY OHO HEJIOCTATOYHO TOUYHOE. Pa3-
JIOXKEHWE 10 CTEMEHsIM 7Y MOXKHO IIPOBOIUTH TOJBKO B
KOHEYHBIX BbIpaxkeHusix. C Jpyro#f CTOPOHBI, TOYHBIN
OTBET MOXKHO JIETKO IOJIY4YWTh, YIATHIBAS CJIEIYIONIAE
coobpazkeHus.

WUnTerpan oraudaercss Juiib (Ha30BbIM MHOMKUTE-
JIeM OT CBEPTKH HPOMAraTopa w30OparKeHWsl W IIPOHa-
raropa Kupxroda, ecniu B nocjaeHeM UCTUHHYIO KOOD-
JIMHATY UCTOYHUKS, Ty 3AMEHUTD HA Ty = Lg—7s&;y. Kak
y2Ke OTMEYAJIOCH BBIIIE, CBEPTKA MPOIAraTopa u3obpa-
xkenwsi ¢ mponararopom Kupxroda cHoBa pasua mpona-
raTopy w300parkeHusi, B KOTOPOM DACCTOSIHUE T, HAJO
3aMEHUTBH HA, Ty +74, & KOOPAWHATY X, — HA KOOPIAUHATY
Zs. B IOIy9eHHOM BBIPDAXKEHUM HYXKHO HCHOIB30BATDH
yciioBue (DOKyCUPOBKY W300PaKEHUS

-1 -1 __ -1
ri, 7o =Fp

W MOXKHO TOJIOXKATH ¥ = ( B IPEIIKCOOHEHIIHATHEHOM
wieHe. UTO KACAaeTcsl MOKA3ATENs SKCIIOHEHTHI, B HEM
JOCTATOYHO Y4eCTh 4JIEHBI HYJIEBOHU W NEPBOI CTENEHU
o . HecMoTpst HA IPOCTOTY AJITOPUTMA, BRIMUCIEHUS
JIOCTATOYHO IPOMO3JIKY U3-3a TOI'0, YTO COJIEPKAT MHO-
ro KoMOWHAIWI MEXKIy MHOTMMH OapamMerpamu. dro-
OBl MOYYUTH OJHO3HAYHBIA OTBET, YA00HO B KAYECTBE
HE3ABUCUMBIX TOMEPEYHBIX KOOPIAUHAT BHIOPATH KOOD-
JUHATY U300pakaeMoil TOYKHU HA OObEKTE, T, U YOI
BBIXOJA, JIy4a, U3 O0beKTa B 9TOH TOYKe, O,, BHIYUCIIS-
embiii dyepe3 rpajguent ¢dassl. [logesnpiM napameTrpom
SIBJISIETCS] TAK2KE YT'OJI BXOJIA, JIY4a, B JIUH3Y Xo. s Hux
WMEeM OIIPEeIeJIEHUSI

Toi — Xg Loi — Ts
= =20t S _ e 4 Ot 78
M rs iz re (41)

Zo = Zoi + 7‘000.

B kadecTBe HE3ABHUCUMBIX IIPOIOJBHBIX DACCTOSHUH



MIT®, Tom 124, Buin. 1(7), 2003

Tounas Teopusi n3obpaxeHus . . .

y106HO BBIOpATH 1y U L. OcTasbHBIE TADAMETDPHI BbI-
DAXKAIOTCS YePe3 HUX CIEAYIONIAM 00pa30M:

M:Lc
’U’

r; = Mu, u=r,Cr + LS,
(42)

L
Fp ===,

v = roSL - LcCL7 S
L

He npuBoas mpOMeEKYTOYHBIX BBIMUCJIEHUH, BBHIIHU-
IIIEM CPa3y OTBET B JUHEHHOM MO 7y TPUOIMKEHUT

1

A (g, 43) = Mz s

. 1
 exp i@ (2:) = pia(o0s)|

2 2

B, (0) = [M+ @+ﬁ], (43)
A Ts ToL  TiL
2w
P (Ti,Yi) = ’YE X

x [areg + (ar — Op)(Lebo)® + SpaoLcb,) -

3aMeruM, 9TO NPU BBINOJHEHWH DPA3JIOKEHUS O Y
IPE/TIOJIATAJIOCh BHIIOJHEHHBIM YCJIOBHE ATs > 2702,
e 0, = o/M — IHMpHHA MAKCHMyMa IPOIATATO-
pa (31) OTHOCHTENHHO NEPEMEHHONW WMHTErPUPOBAHUSI
Zo. Apyrumu ciioBamu, mpeanonarajaocs, 9ro ¢basa ma-
Jamomei cepriecKoii BOJIHBI TAKIKE IIJIABHO MEHSIET-
cs1 B objiactu uaTEerpupoBanusi. MoxHo 63 Tpyaa pac-
CMOTpPETD OBl CiTy4dail, HO OH He IPEJICTABIISIET IPAK-
TUYECKOTO UHTEPECA.

Kak ciejgyer u3 mojiy4eHHOrO BBIPAYKEHUS, IPAJIHA-
enT ba3sr GyHKIMH 06BEKTA, HENOCPEICTBEHHO BJIUSIET
HA, UHTEHCHUBHOCTb u300pazkeHus. Jisi Ka4eCcTBEHHOTO
aHAIN3a 9TOr0 3bdEKTa PACCMOTPUM TPEAETBHBIN CITy-
Jaii majgaromei Iockoi BoHEL (ry — 00) u ByaeM cuau-
TaTh, 9TO OOBEKT Npo3padnbii. Ecim obpasen oaHOPOI-
HBI, TO 8, = 0 BO BCeX TOYKAX U UHTEHCUBHOCTH W3JTy-
YEHUS B IJIOCKOCTH W300PaKEHUST ONUCHIBAETCS TayCCO-

BOli byHKIHel
exp (-

Ecnm xe B Kakux-TO MecTax o6pasna CyIecTByer rpa-
aueHT (ba3bl, TO B 9TUX MecTax 8, = &;; U WHTEHCUB-
HOCTb ByJIET OTKJIOHSTHCS OT 3aKOHa (44), npudeM B 3a-
BUCUMOCTH OT DA3JIMYHBIX YCIOBUH UHTEHCUBHOCTH MO-

Lim(zi) = % 2oL 2). (44)

TN, 2

KeT OBITh KaK MeHbIIe, Tak u bosbiine pouosoi. Takum
06pa30M, NOSBIISIETCS YHUKAJIbHAS BO3MOXKHOCTb BU3Y-
AJU3AIUH TPO3PAYHBIX 00BEKTOB U NoJTydeHus Gha30Bo-
'O KOHTPACTA 33 CYET HEOJHOPOIHOTO IIOIJIONIEHWS W3-
Jgyuenus B jima3e. [Ipudem takoit KOHTPACT, B OTJIAYME
OT OOBIYHOrO (Pa30BOr0 KOHTPACTA, HADIIOIAEMOrO Ha

11

UCTOYHUKAX CHMHXPOTPOHHOIO U3JydeHus (CM., HAIDH-
Mep, [19-21]), He uMeeT NAPA3UTHBIX OCUMIIISIHN, CBS-
3aHHBIX ¢ WHTEPMEPEHINEN PDASIMIHBIX JIy9eil, U HEermo-
CPEJICTBEHHO TO3BOJISET ONPEJCIUTh JIOKAJIhHBIN Ipa-
JueHT pasbl, CO3JaBaEMbIi 00PA3LOM. 3aMETHM, 4UTO
CKQYKH WHTEHCUBHOCTHU, CBA3aHHBIE C DE3KUM I'DAJIUEH-
TOM Ha3bl, HEAABHO HADIIIOMAINCH YKCIEPUMEHTAIHHO
B u30bparkennn 06pa3na, ¢ npoduwIMPOBAHHON TOBEPX-
HOCTBIO [22].

OuU3NYECKYI0 TPUPOYy BUIYAJIUIAIUU [PAJUEHTA
da3bl B 06pasie ¢ nomorpio pearreHosckoit ITHIT-mun-
3bI IIPOILEe BCET'O IIOHATH B TEPMHUHAX FeOMeTpI/I‘IeCKOI‘;I
onTuku. JIyd W3 UCTOYHMKA C KOOPAUHATOH &g IIPUXO-
JAT HA, 00pAa3er] B TOUKY € KOODPJAUHATON Z,;. Tak Kak
BBINOTHSETCS (DOPMYJIA, JIMH3BI, TO BCE JIyYH, BBIXOJIS-
e U3 3TOW TOYKH MOJ, PA3HBIMHU yIJIAMHU, IOCJE IPO-
XOMKJICHUS 9ePe3 JIMH3Y OKA3BIBAIOTCSI B TOYKE € KOOP-
JUHATOW 2; B INIOCKOCTH M300paskeHusi. PeasibHO Ke
PEATTU3YETCST TOJIBKO OJIHA TPACKTOPUS U JIyd MOKHAIAET
obpaser, cocrasiisis yrou 6, ¢ OnTu4ecKoi ochio (OChI0
z). CoOTBETCTBEHHO, NIePe| JIUH3O0M JIyd UMeeT KOOD/Iu-
HaTY Zo U yrou f,. Tpaekropus anyqeii & = x4(z) B un-
3¢ YJOBJIETBODSIET YCJIOBUIO, TIPA KOTOPOM B KAXKJION
TOYKE TPACKTOPUU €€ KACATEIBHAS COCTABJSIET YrOJ
f = (A\/27)(dp/dx) ¢ ocwo 2, Tie (x,2) — dasa BoI-
HOBOI'O O B JuH3e. 914 (pasa pasHa dase mpouara-
Topa u3obpaxkenusi (17) eciu B mOCHEIHEM TONOKUATH
v=0,7r; =0, z; = 2(2) u L 3amenurs Ha 2. C apyroii
cropoHst, § = dxy/dz. YpaBHeHHe JJIS TPAEKTOPHH II0-
JIy92€eTCsT OCOBEHHO IPOCTHIM, €CJTH €r0 3AMUCATH Yepes
npousBoaHy0 or f. B pesynbrare

de dz.’l]'t

dz ~ dz?

z¢(2)
L2’

z:(2) = 20C,+0,L.S,, (45)

i€ Lo u 0, — HAYAJIBLHBIE TOYKA U TPOU3BOIHAS HA, TPA-
eKTOpUHU. 3aAMETUM, YTO HAYAJIBHBIE KOODIUHATA, U YOI
JIy4a IIPY BXOXKJIEHUH B JIMH3Y COOTBETCTBYIOT IIapaMeT-
pam, BBeJeHHbIM B (41). Brraucsisiss uHTErpaibHbIi 10
TPAEKTOPUH JIy4a B JIMH3€E [IOKA3aTeJb IIOIVIOIIEHUS

z

I +6,L,.sin

i)

noJily4aeM OTBert, coBnaiatomuii ¢ dbopmyaoii (43). Ta-
KUM 00pa30M, KOHTPACT JeHCTBUTEJIbHO CBI3aH C U3Me-
HEHUEM TPACKTODHUU JIy4d W HEOAHODOIHBIM IIOTJIOLIE-
uuem B ITHII-nunze.

L
2n
w(L) = NIz /dz (xo cos
‘0

EcrecrBenno, uro obiee uzobpakenne 0bbekTa Oy-
JIET COJIEPKATH KAK MOIJVIOIATENbHBIN, TaK U (Pa30BbIii
KOHTPACT, ¥ 3aBUCETH OT JABYX KOMIIOHEHT ITOJIHOT'O I'Da-
juenTa (a3sr mo aByM kKoopamHATHBIM OcsiM. K coxka-
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JIGHWIO, TIPU DEIIeHUuU ODPATHOHN 339U OJHOIO W3Me-
HEHUSI MHTEHCUBHOCTH HEJOCTATOYHO, YTODOBI BOCCTAHO-
BUTH [MOKA3ATEJIb HOIJIOIIEHUS W JIBE KOMIIOHEHTHI I'Da-
jguenta daszer. JomonauTeapHy 0 nHGOPMAIHIO MOXKHO
IOy YUTh, ABUTAS OOBEKT OTHOCHUTEJNHHO JIMH3BI, I10-
CKOJIbKY Da3HBIE YYACTKH JIUH3BI OTJIONIAIOT HEOAUHA-
KOBO.

7. DYPBE-ITPEOBPA3OBAHHUE OB'BEKTA C
IIOMOIITBIO ITAPABOJIMYECKOMN
HEITPEPBIBHO TTPEJIOMJISIFOIIIEN
PEHTTEHOBCKOW JIMH3HI

Kak w3BeCTHO W3 KJIACCHYECKON ONTHUKHU, TOHKAS
napabosudeckas TuH3a, Aenaet dbypobe-npeobpasoBanue
dbyHKIME 06bEKTA, OCBEIEHHOTO CHEPUIECKON BOTHON
OT TOYEYHOrO UCTOYHWKA, B ILIOCKOCTH (DOKYCHPOBKH
TOYEYHOr0 UCTOYHUKA. PaccMoTpum 0coBEHHOCTH STOTO
sipienust Jgs pentreHoBckod [THII-mma3el. 3anumiem
dypbe-nipeictaBaenne GyHKIUU 06bHEKTA!

qdp:,:

T(ovo) = [ &

(2m)?

IMpu sTOM AMOIUTY/A BOJHOBOIO TOJS B IJIOCKOCTH
n300paKEHUST UMEeT BHI,

(¢,p) exp(iqzo + ipyo).  (47)

A® (%i,y:) = exp(—iknsoL) x
dqdp

X / (27)2
Gf(q7 fll's,.’ll'i) =

_ / 020G (24, 20) (2o — 9,75) €xp (iqzo)  (49)

T(Q7p)Gf (q7 Ts, xz)Gf (p7 Ys, yz) 3 (48)

rie

npeacTaBiser coboil mapIUaIbHBIA TPOMAraTop u3ob-
DParKeHUs OTIEbHONR KOMIOHEHTHI pyphe-00pa3a dpyHk-
nuu obbekrta. Hac mHTepecyior ycioBusi, Korja 3ToT
PONAraTOp MAKCUMAJBHO OJIU30K K JI€bTA-DYHKIHAA.
Kak yke oTMe94asioch B MPEABIAYIIEM DA3JIeIe, UH-

TErpajl MOXKHO BBIPA3UTb 4YEPE3 MPOIMAraTop u30bpa-
JKEHNS, B KOTODOM Ty 3aMEHSIETCS HA Ty = Ty — &g,
g = gArg/2m, a 1, 3aMeHsleTCS HA Ty = To + r's. B
DPE3YJIBTATE UMEEM

1

595)] x

(giz} — 22T, + gsﬁ)] ,  (50)

1 .
Gf(q, xs,xi) = W €xp [zq ($s -

o

X exp |t —
p[/\rg

rjae

12

?8 ri

Fg = (Ts +ri)er + (zc -

)3L7

Ts i
gi=CL— —S8L, Gs—=¢CL — —S8L.
Ze Ze

Zc

(51)

Taxum obpazom, ycmosue st npeobpaszoBanuss Pypre
COBIIAJIAET C YCIOBUEM (DOKYCUPOBKH TOUEIHOTO HCTOY-
HHKA, OCBEIAmero obwekt, T.e. Rery = 0. Oznaxo
npubauzkenHoe BbipazkeHue (31) HemoCpeACTBEHHO UC-
MMOJIL30BATDH HEJIB34, IOTOMY 9TO IPONAraTop CTOUT IO/
3HAKOM MHTErPAJIa U, CJAEIOBATENbHO, OMYIIEeHHbIN (ha-
30BBIA MHOXKHUTEJb MOXKET UrpaTh CymeCTBEHHYH DOJIb.

JLiist mosyry4eHust mpuOJINKEHHOTO BBIPAYKEHUS TPE-
CTaBUM KOMIIJIEKCHBIE KOS(I)(I)I/IIH/IGHTI)I B BUJAE PAOA IO
CTeIeHsM 7:

?g = Ry +iyR: + (i’y)2R2,
gs = Qso +17Qs1.

Toraa ycmoBue (HOKYCHPOBKH TOYEYHOIO HCTOYHHUKE,
npubmmkenno umeer sua Ry = 0. Ilpu sToM BBITION-
HSTIOTCSI COOTHOIIEHMST

i = Qio + 7R,
gi = Qio +17Qu1 (52)

1

—1 -1 _ —1 _ —
i T 7L —FL s QiO—_M , Qso=M,,
s
rae
~ TiL
rst, =Ts+ Bp =rop + 75, MS:T‘_’
sL

W TPOMATATOP OMPEIESISeTCS CIIEIYIOIAM 00pA30M:

G(g.202) = s explis(o) ~ @), (59)

i(YAR,

rae

. m(z; + ]\4353)2
wg) = AR,

e(g) =4 (xs - %xq) + u(@)y

+ Qzlxg + Qslifg
ARy '

Takum oOpa3om, KaxKJas TOYKA T; B IJIOCKOCTH

R,
— 54
=t 64

I/I306pa,)KeHI/IH UCTOYHUKA MOXKET UMETh 3aMETHYI0 WH-
TeHCHBHOCTh. OHA 0TODpAKAET HEKOTOPYIO 00IACTh B
g-upocrpancTBe GyHKImU 06PA3IA ¢ HEHTPOM B TOUYKE
q=q;, r1e

2z
T ArgM,
Kpowme Toro, u3-3a norsionenus B Juu3e pypbe-06pa3
dbyuarnun 06pa3ia momguduupyercs: ha3s0BbIM MHOKH-
TeneMm, T.e. dbakTudecku uzobpaxkaercs cBeprka dy-
pbe-obpasza dyHkuu 06pa3na ¢ HEKOTOPOU (yHKIH-
e, 3aBUCsIIE OT MAPAMETPOB JIMH3bI U JYKCIIEPUMEH-
TAJIBHOU cxembl. TeM He MeHee, eciu DyHKIUS 00pa3-
& SIBJISETCS MEPUOAUIECKON U, CIIE0BATEIHLHO, UMEET

% (s — x,M,) . (55)
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JMCKDETHBINH Dsiji (DypPhE-TADMOHHUK, PACCTOSHUE MEXK-
Ay KOTODPBIMH IIPDEBHIIIAET IlII/IpI/IHy Ma,KCI/IMyMa, apona-
raTopa, To u300pakeHue mpeacTaBisieT coboit cucremy
[ISITE€H, COOTBETCTBYIOIINAX OT/IEJIbHBIM TaPMOHUKAM (hy-
pbe-00pa3a (byHKIUH WCTOYHUKA, & PA3ZMED KAKIOTO
OSTHA TOYHO COOTBETCTBYET HTPOEKIUM PA3ZMEPOB WC-
TOYHHUKA. Pa,CCTOHHI/Ie Me)Kﬂy IAaTHAMA 3aBUCHUT OT HUC-
HOJII)3yeMI)IX B 9KCIIEPUMEHTE pa,CCTOHHI/Iﬁ u PpaBHO
ArgM.

Ax; = Agq o s,

OgHOpOAHBINA 06pa3en SBJASETCS YACTHBIM CIIYyIaeM,
JJIST KOTOPOT'O CYIIECTBYET TOJNILKO HyJeBas (pypbe-rap-
MOHHMKA.

Jpyroii mogxom K aHAMW3y ITOH ke MpobJIeMBbI CO-
CTOMT B UCCea0BaHuu Bhipazkerust (36). @ypoe-npeot-
PA30BAHKE MOMYYIAETCS MPH YCIOBHH, 9TO MPOIATATOD
G(z;,20)P(zo — x5,75) HE COUEPKUT UWIEHA, TPOIOPIIH-
OHAJIBHOTO T2, B ¢aze. DTO yCI0BUE MOKHO 3AIUCATH
kak ReC =0, rae

1-4a, 1

C=——+—=0.
Tg Ts

Jlerko ybGeuTbCst, YTO B HYJI€BOM IPUOJINIKEHUU 1O 7Y
9TO yCJIOBHE 3KBUBAJIEHTHO YCJIOBUIO (DOKYCUPOBKHU TO-
YEYHOI'O UCTOYHUKA, 3aMUCAHHOMY Bbime. IIpu sTom,
OJIHAKO, IO/l UHTEI'DAJIOM OCTAETCSI 3ATYXAMOIIAs IKCIIO-
nenra Thna exp(— Im(C)z2). Kpome Toro, 7, sBasercs
KOMIIEKCHOM BEJIMYWHOM, IIO9TOMY BOJIHOBOH BEKTOD
Gbypbe-npeobpa30BaHUs UMEET MAJIYIO MHUMYIO 9aCTh,
KOTODAsl 3aBUCHUT OT DACCTOSIHUSI MeXJy ODBbEKTOM H
muna3oii. IIposiBaenne sTux 0COOEHHOCTEH 3aBHCUT OT
KOHKDETHBIX YCJIOBUN U UX AHAJU3 IIPEJCTABJISIET CO-
6oii OTHENbHYIO 3aJaMYy.
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