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IIPOCTPAHCTBEHHOE PACIIPENEJEHWUE JIOMUHECHEHIINA
P IBYX®OTOHHOM BO3BYXXJIEHNMA

PaccMarpHBatoTCs BONPOCH], CBA31HHbIE C NIPOCTPAHCTBEHHEIM pacmpesere-
HHMEM CHTHAa ABYX()OTOHHO-BO36YXA2EMOM TIOMUHECIEHIIMM B IIPEAETaX ManoH
IIPOCTPAHCTBEHHOH 06/1aCTH. AHAIM3MYETCS MCIONB30BaHME CHOKYCHPOBAHHBIX
H IIepeKPEeIMBAIOIIMXCS Iy CCOBBIX ITY'IKOB. Pe3ynETars! MOTyT OBITh HCIIONB30Ba-
HBI [IPH TECTUPOBAHMUH pabodcit cpeasl 214 3D onTudeckoi amMATH Ha ()OTOXpoMax
¢ JByX()OTOHHOH 3aIIMCHIO M YTEHHEM HH(OPMALIIH.

Henuneiinele cpensl HaxonaT Bce Oonbliee NPUMEHEHHE IS PEINEHHs
MHOTHX IpHKIaaHEIX 3a1a4. K TakuM 3afnadaM OTHOCHTCS, HalpuMep, CO3HaHUE
TPeXMepHO# onTHaeckoi (3D ) aMATH ¢ BEICOKOH ITIOTHOCTHIO 3aITUCH HH(POpMa-
uu [1-3]. Ota npobema sBNIAETCS BechMa aKTYalbHOMU B CBA3M C TEM, YTO B CO-
BPEMEHHBIX HHPOPMAITMOHHBIX TEXHOJIOTHAX NAPAaMETPhI MAMATH UIPAIOT KITKO-
4eBylo ponb. OIHAM U3 CaMBIX HEPCHEKTHBHBIX HAIPABIECHMH I CO3NaHHA
KOMITBIOTEPHO! 3D ONTHYECKOH MAMSATH C MapaUIeNnbHBIM TOCTYIIOM ABISETCS
UCIIONB30BAHUE B KAYECTBE 3aAIIOMMHANIIECH HENWHEHHO cpesibl Monekyt GhoTo-
XpOMOB [4—6], 13 KOTOPHIX B HACTOSILE: BpeMs HaUGoJIee IMHPOKO HCIIONB3YIOTCS
crapobersonupanbl. HU3HIecKH HOCHTENb MHGOPMALMH TIPEACTABIAET COOOM
MOJIEKY/IbI CTHPOOEH30MMpaHa, BHEAPEHHEIE B IIONIMMEPHYIO MaTpHIly. B uexon-
HOM, «HE3alMHUCAHHOMY» COCTOAHHH MOIEKYJIa CHHpOOEH3OMHpaHa IMOMIOUIAET
TOJIBKO B YNTpadHoIeToBOM 061acT ciekTpa. OIHAKO eCII MOJIEKYITY OBy YHTE
JOCTAaTOYHO MOIIHBIM H3]TyYEeHHEM BTOPOH rapMOHHKH JIa3epa Ha HOHAX HEOIUMa
(ammynecamMu  narensHOCTRIO 30 NC OPH IUIOTHOCTH 3HEPTMH  MOPSAKA
10 5/lx / mxm ? [51), To 3a cuer ABYX(hOTOHHOTO HONIOIEHUS MOJIEKYJIa IIepeiaeT

C YpOBHA §, Ha ypOBEHb S, H 3aTeM 4epe3 U3OMEPH3ALHIO B OKPALICHHYIO
«3amucanHyo» Qopmy. B okpameHHH dopme Momekyisl crnMpo6eH3omHMpana
HMEIOT CPaBHUTENBHO IUIMPOKYIO MOJIOCY TIONIOMEHHUs ¢ MAKCHMYMOM B paiioHe
600 uM. TaxuM 06pa3oM, CYIUTH 0 3aM4CH HHMOPMALMM MOXKHO GBUIO GBI 10 IIO-
ITIOMEHHIO Ha JJIMHE BOJHEL B tuanasore 600 am. Ho npsMo Bocrions3oBarees Jmy-
YOM C TaKO# JNIMHOM BOJIHBI HEBO3MOXKHO, TaK KaK OH Oy/IET MOIMOIIAThes B 00be-
Me o6pa3sua. BeIxoa U3 3TOro MonoKeHrs JOCTUraeTCA 3a CHET HCIIOb30BAHMS W3-
Jy4eHH ¢ IIHHOM BonHbI 1,06 MxM. B HesanucanHO#M dopme 3T0 H3mydeHHE He
OyZeT NOMIOMATECA HU TI0 OHO(OTOHHOMY, HH 110 JIByX(OTOHHOMY MEXAaHH3MY.

114



B 3armmcanHoi hopMe npH HeOOXOAUMOM MOIHOCTH M3JTydeHH st (JOCTHraeMoi 3a
cueT GOKYyCHPOBKH) HMEET MeCTO ABYX(POTOHHOE HormomeHue. [1o HabmoneHuio
IBYX(OTOHHO-BO36yXnaeMo#i momurecrieHH (JIOBII) npu BosaeiicTeuu cho-
KyCHPOBAHHEIM U3 Ty4EHHUEM C JTTHHOM BOMHEI 1,06 MKM MOXXHO CYIHTE O HATHYHH
3anucaHHoH HHGopMarmu (6HTa) B 0611acTH (POKYCHPOBKH Jry4a.

TeopeTndecky nocTxuMas 00bEMHAas IUIOTHOCTE HHPOPMAIIMH IS TaKOH
3D naMsTH COCTaBIISET BEIHYUHY MOPSIAKA 1/ A’. Ha MpaKTHKe ILIOTHOCTE OyzeT

ONpPeNeNATECS 06BEMOM, CO31aBAEMBIM B3AHMHO HEPIICHANKY/ISPHEIMY ITyYKaAMH,
HCIIONB3YeMBIMH IS aJpecalliy A4YelKd MaMsATH B Iporecce ABYX(POTOHHOM
3aIMCcH. 31eCh MOXKHO TOBOPUTH O IIPOCTPAHCTBEHHOM pa3pellleHAM B HENUHEH-
HOM cpesie MpH BO30YXKIECHHH B3aUMHO NEPHEHIHKYISIPHEIMU Iydkamu. IIpu
TEXHOIOTHYECKOM KOHTpoIIe o6pasnia MaTeprana 11s 3 D maMsTH BAXHO YOeuTs-
Csl B TOM, 4TO 110 BceMy pabodeMy o6reMy Oyner obecrnedeHa BOSMOXKHOCTE By X-
(OTOHHO 3aITHCH M CYMTHIBAHUS GUT MH()OPMAIMHM ¢ 33/]AHHOH 06BEMHOMN IIOT-
HocTeio. Takum 06pa3oM, aHATH3 MIPOCTPAHCTBEHHOTO paclpeie/ieHus CHTHaNA
ABYX(OTOHHOTO BO30YXIEHHA PEACTARN T 3HAYMTEbHEIN HHTEpEC PU pa3pa-
6oTKe ¥ TECTHPOBAHMH EMEHTOB ONTHYECKOH 3 D aMATH. DTH BONMPOCH! TAKKe
IPEACTABNISAIOTCS aKTyILHEIMM U B IBYX(DOTOHHOM (TyopecueHTHOH MEKPOCKO-
nud [ 7], rie UCIone3yeTcsl OMUH CHOKYCHPOBAHHEIH JTyY.

B naHHOM cTaThe NPUBOAATCA Pe3y/ETAThl OLEHKH IPOCTPAHCTBEHHOTO pas-
pelIeHus MPH U3MEPEHHH HETMHEWHOCTY IyTeM U3MEpEHH CHUIHajla JJIOMHHEC-
LEHIMH, BO30yKIaeMoii 3a c4eT ABYX()OTOHHOTO NOIIOIIEHHS B O0bEMe HeTHHE -
HOM cpengl.

®opManbHO MPOCTPAHCTBEHHYIO HEONHOPOXHOCTh HENMHEHHOCTH CpEbl
MOXXHO HM3MEPHTb, PETHCTPUPYS ¢ NoMoLubio doToMarpuus! wnn JO0I1a npoct-
PaHCTBEHHOE pacHpeeieHne IByX(hOTOHHO-BO30YKIAEMOM MIOMHUHECIIEHIHH
IIpH MCIIONB30BaHWM MPOCTPAHCTBEHHO OQHOPOMHOIO JIy4a BO30Y>KAAIOIIETo
u3nydeHus. OnHaKO M3-3a MaJIbIX 3HAUEHUH CeYeHuMi IBYX(OTOHHOTO MOMIONIE-
HHUsl HEBO3MOXHO 00€CTIEYHTh IPOCTPAHCTBEHHO OMHOPOIHBIN BO36YKIAromIuit
IYYOK CEYECHHEM B CIMHHIbI KBAJPaTHLIX MHUTHMETPOB C MHTEHCHBHOCTHIO,
AOCTaTO4HOM 1715 BO30YXKIEHU PETHCTPHpyeMoit moMHHe cueHuu. KpoMe Toro,
BO3HHUKAIOT ONPe/Ie/ICHHBIE TPYAHOCTH IIPHA PETHCTPAIHH OUEHE CIIa0BIX CHTHAIIOB
HADBJI ¢ nomomgsio poromarpur u I0Ios.

H1st perienys nocTapIeHHOM 321841 MOYKHO IIPHMEHHTE CHOKYCHPOBAHHBIH
my4oK. OGBIYHO B TAKMX 3KCIIEPHMEHTAX UCIIONB3yIOTCS JTa3ephl, paboTalomHe B
OTHOMOZIOBOM PEXHME, MI03TOMY B JaJIbHEHITIEM MBI OTPAHHYMMCS PACCMOTPEHH-
€M rayCCOBBIX IMy4KoB. B 3TOM CiTy4ae MakcHMalIbHast MHTEHCHBHOCTE BO30yXK/a-
IOIIEro U3ITyYeHU COCPENOTOYEHA B OOIACTH MEeHKH KayCTHKH, M, CIIEA0BATENb-
HO, uHTeHCHBHOCTE [IOBJI B 0CcHOBHOM 6yaer onpeneniaTscs HENMHHEHHOCTHIO
06beMa, ONpeNIeNseMOoro OBIaCThIO MEPETAKKH Imyuka. Takum 06pa3oM, MOKHO
BBECTH IIOHATHE IIPOCTPAHCTBEHHOTO Pa3pelICHHS H3MEPEHUS HEOMHOPOIHOCTH
HEJTMHEHHOCTH, KOTOPOE ONPEeENMM KAK XapaKTePHBIN TMHEHHBIH pasMep, B pe-
Aenax xoroporo curHan [{®OBJI ymensmaercs B 2 pasa, 4ro GymeT COOTBETCT-
BOBATh OOBEMY, JAIOLIEMY CYIIECTBEHHBIH (HampuMep, 50 %) BKIAx B CHCHAT
HDBJI. Paspemienne GyneT TeM BhILIe, 4¢M MEHBIIE 3TOT PasMep.

OKCNIEPUMEHTANbHAA PEATM3AIMA H3MEPEHHS BO3MOXKHA TIPH NIPOCTPAHCT-
BEHHOM CKaHMPOBAaHHMH HCCIIeAyeMoro obpasiia 1o TpeM KOOPIUHATAM M [IpH HUK-
CHPOBaHHOM PaCIONIOXKEHHH BO30Y)KAAIOMETO JTa3ePHOTO My4Ka M ammapaTypel,
perucrpupyromeii curian JIOBJI. O6bMHO 3Ta anmaparypa BKITIOYaeT B cebs
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MoHoxpomarop, @DV, aeKTpoHHbIe CXEMbI YCHICHUS H KOMITBIOTEpP I cOopa,
06paGoTKH U OTOOpaKeHN: NaHHEIX [8, 9].

TMomyynM pacdeTHblE COOTHOIIEHHA, MO3BOJAIOMIME ONpPEAENHUTh NPOCT-
PaHCTBEHHOE pa3pelleHHe IPU W3MEPEHUH JIOKAJIBHOHW HEJTMHEHHOCTH C IIOMO-
b0 chOKyCHpPOBaHHOTO rayccosa Imy4ka. Ilydok nasepHOro H3my4eHHs, UIMeIo-
M IOCTOSHHY O MOLIHOCTH (B CHUTY MAJIOTO 3HAYEHHs CeueHUs ABYX(POTOHHOrO
nomomeHus 6yneM npeHeOperars H3MEHEHHEM MOLITHOCTH 3a CYeT JByX(OTOH-
HOTO MOIICIIEHHS B HCCIIeyeMO# cpee) U pacipoCTpaHSIOIMICS BIOJEL OCH 2,
OyzeM OIHUCHIBAaTh COOTHOLIEHHEM

2, 2
. 26"+ )
I(x,y,z)=lo(z,‘eXp a2 I 1
2 6y
0" (2)

rae I(x,y,z) — MHTEHCHBHOCTh ITy9KA JIa3€PHOTO W3ITyHYeHMs, 3aBHCSINAsT OT
MPOCTPAHCTBEHHBIX KOOPIUHAT X, V¥, Z; O( Z) — pamuyc mydKa.

VnobHo I, BEIpa3HUTh Yepe3 MOIIHO CTh Ja3epHOro IMy4ka F,. B aToM cirydae ¢
Y4eTOM SIBHOM 3aBHCHMOCTH [TApaMeTPOB ITydKa OT Z BeIpaxkeHHe (1) mpuMeT BUA:

P, =2(x" + y7)
I(x,y,z)=———2——exp ) 2 | 2
nmg 1+-z—2 ®o 1+;2—
ZO Y

3[1ECh @ — PaJHyC MEHKH Kay CTHKH; Z, — KOH(OKAILHEIH TapaMeTp: z, =nw,n/A
(A — nymMHA BONHBI HATYYEHUS, 7 — ITOKZ3aTelb NPENIOMIIECHHUA CPeab!).

CurHan ABYX(OTOHHOH NMIOMHHECHEHIMH L Ompeaensercs ClieXyomum
obpasoM:

Lx,y,z)=ndI(x,y,2)%, 3)

IIe M — KBaHTOBBIH BBIXOJ; & — cedeHHe NBYX(OTOMHOrO ITOTIOMIEHHS.

ITapameTps! HccexyeMoit cpe bl 3aU10XkeHE! B U &. TakuM 06pa3om, usMepsis
JIOKAJIBHEIE BapHalMy HENMHEHHOCTH, MBI (baKkTHUECKH W3MepaeM H3MEHEHHA
3TOTO NMpPOU3BEACHMS (TIPH IMOCTOSHHOY HHTEHCHBHOCTH BO30YKIAIOIIETO M3ITy-
YeHu).

Jins nosty9eHrs NpOCTPAHCTBEHHOI'O pa3pemIeHUs H3MePEHHS JIOKATIBHOM He-
JIHHEWHOCTH B COOTBETCTBHYU C IPUHATHIM ONpe/ieeHHeM HEOOXOMMMO HAMTH
pasMep, B mpenenax koroporo curdan JI®BJI cocraensger He MeHee 0,5 oT Makcu-
MaJIBHOTO 3Ha4eHHA. [IpocTpaHCTBEHHOE pa3pelIcHue OmpeaensieTcs H3MeHEeH -
eM curHaa JIOBJI Bone HanpaBleHWd pacpoCTpaHeHHsT Iy4Ka (BIOIE OCH Z).
Kom6unnpys BeipaxeHHA (2), (3) H HHTErpHpPYS 110 X, J, MOXKHO 3aITHCATh:

2 1
2] S L —
A 4
2n 2 z 2 ( )

Uz)=
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ITpoctpancreennoe pacnpeaenenve JOBJ i crydas nepexpemumBaomuxcs c)oKy CHpOBAHHEIX
HY4KOB

Bripaxenue (4) coOTBETCTBYET pesynsTaraM, noirydeHHsM B [10]. 3 (4) BunHo,
YTO POCTPAHCTBEHHOE Pa3pEINEHHE COCTABIIAET BENIMYIUHY 22, [IpH 5TOM OKa3kbI-
BAE€TCH, YTO B OOIACTH OT —2z, 10 +Z, U3Ny4YaeTcs MMOJOBMHA BCEH IIOMHHECHICH-
1y, Bo36ykaeMoi 1o 1ByX()OTOHHOMY MEXaHM3MY BO BCeM 06heMe IMyuKa.

[oBBICHTE POCTPAHCTBEHHOE pa3pelieHHe MOKHO IIPH MCIIONB30BAHHU
CKpELIEHHAIX C(hOKYCHPOBAHHEIX Ia3€PHEIX ITYYKOB. 3A€CE CHIHA TIOMHUHECLIEH-
uuy OyneT MpOMOpLUMOHANEH KBAJPaTy GyMMBlI HHTCHCHBHOCTEH ITydKOB, pac-
HPOCTPAHSIOLIMXCS 110 OCAM z H y. B 3ToM ciyyae XapakTepHsiii pasmep o6nacTu
BO30Y>KIIEHH NOIDKEH OIPEENATECS He KOH(POKAIBHBIM TApaMeTPoM, a THAMET-
poM myuxa. CoOTBETCTBYIOIIEe IPOCTPaHCTBEHHOE pacnpenenenue [PBJI npu
0y =5 Mxm, 7=1,5 u A =1,064 MKkM nokazano Ha pucynke. OHO MMeeT BUA
«kpecra». [[J1s OueHKH 3aBHCMMOCTH MHTZHCHBHOCTH JIFOMHHECLIEHIIMH OT KOOp-
JHHAT MOKHO BOCIIONB30BAThCsA 3aBUCHMOCTEIO curHaina JIPBJI ot koopauHaTs! 2
B ILTOCKOCTH X =y ={

1.2
2exp| ——
2 2 2
ndp 1 [m ] —4z
Lx=y=0,z)=— "4 S+ S | + exp —1| (5)
2 z [0}
T (I)O z 1+ &2 0
1+7 22
2 0

U3 (5) cnenyer, 9TO B LEHTpe «KpecTa» HHTEHCHBHOCTS JIFIOMMHECLIEHIMH B
4 pasa Belllle, YEM IPH OJHOIy4YeBOM BC3OyxkaeHHH. IIpH MalbIX 3HAYEHHSX Z
cursan JIOBJI nocrarouno 6xicTpo nagaer. YACIEeHHEIE OLEHKH MOKA3BIBAIOT, ITO
ymenbmenye curaana JIOBJI B 2 pasza npoucxonuT Ha paccTosHUM okolo 0,650,
a Ha PacCTOSHMM Z,, CHTHAJI Najiaer B 4 pasa.

Taxum 0Gpasom, MOXHO FOBOPHTE, YTO B CIIydae CKPEIMBAIOIIHXCS CHOKY-
CHPOBAHHBIX ITy4KOB IIPOCTPAHCTBEHHOE Da3PEIICHHE COCTABNAET BEIMYHHY I10-
panka 1,3wy, uto B 4,8nm, /A pa3s Bblle, YeM A1 BO3GYMACHHS OTHUM choxy-
CHPOBaHHBIM My4KkoM. [IpH BO36yXKIEHHM NasepHEIM ITyYKOM Ha JUTHHE BOJHBI
1,06 MKM BBIMTpBIN B pa3speIeHHH MOXeT gocturars 40—100 pas IIpY paguyce
LIEHKH KAyCTHKM 5—15 MKM COOTBETCTBEHHO.
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