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ITpennoxkeH HOBBIM METOM, SKCITEPUMEHTAILHOTO OIpeNiesIEHUS pa3Mepa IyyKa CUHXPOTPOHHOTO U3JTyde-
HUS B HOKYCe IITaHAPHBIX COCTABHBIX MIPEJIOMIISTIOLLIMX JIUH3. MeTon COCTOUT B U3MEPEHMUHU YIJIOBOI pac-
XOIMMOCTH M3JIy4eHMs mocie GoKyca ¢ TIOMOIIbI0 Op3ITOBCKOM TU(MPAKIIMKA B COBEPILIEHHOM KPHCTAJIIe
IpU ero BpalleHUU. JJaHHBIA METOI OMpeaeisaeT pasMep IydKa, 3aBUCSIIUI TOJBKO OT (hOKYCUPYIOIIMX
CBOICTB UCIOJB3YEMBIX JIMH3, B OTJIMYKE OT JIPYTMX UCITOJIb3YEMBIX B HACTOSIIIIEE BPEMSI METOJOB. DKCIe-
PUMEHTAJIbHO IMPOAEMOHCTPUPOBaHa 3(p(heKTUBHOCTh IIPeAIaraeMoro Moaxoaa Ha MpuMepe HaHO(POKYCH -

pyromux rjaHapHbIX JIMH3 U3 KPECMHMUS.
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BBEIAEHME

HanodokycupoBka MNyYKOB CHHXPOTPOHHOTO
usznyyenuss (CH) u nazepoB Ha CBOOOJHBIX 3JIEK-
TpOHAaX B HACTOsIIIIee BPEMSI SIBIASETCS OMHUM U3 aK-
THUBHO Pa3BUBAIOIIMXCS HAIpaBJICHUN B 0O0JacTu
pEeHTreHOBCKOI omTwku. Kcronp3oBaHne cOKy-
CUPOBAHHBIX MYYKOB HAHOMETPOBOTO pa3Mepa OT-
KpBIBa€T HOBBIE BO3MOXHOCTU JJISI MCCIIETOBAHUS
CTPYKTYPBI MUKPO- U HAHOOOBEKTOB O1aroaapsi mo-
BBILIEHUIO TPOCTPAHCTBEHHOTO pa3pelleHUs] UC-
TTOJIb3YEMBIX METOJIOB U O0Jiee BHICOKOI MHTEHCHUB-
HOCTHU M3JIyICHUSI.

OauH u3 HauboJiee aKTUBHO HCITOJIBb3YEMBIX Me-
TonoB (okycupoBku CH ocHOBaH Ha MCMOJIb30Ba-
HUM TIpEJOMJISIONIEN PEHTIeHOBCKOW ONTHUKM, a
MMEHHO CcOoCTaBHOM TipenomJstolieii JuH3bl (CILI),
npemioxeHHoi B 1996 r. [1]. CITJI ucnons3yrorcs Ha
cTaHumMsgX nctouHnkoB CHU TpeTbero moxkojeHus, a
TEXHOJIOTUM WX W3TOTOBJIEHUST TTOCTOSTHHO COBEp-
meHcTByOTesl. [lpyuMeHeHMe TeXHOJIOTUl MUKPO-
CTPYKTYPUPOBaHUS TOBEPXHOCTU KPEMHMSI, IIMPOKO
HCIIOJIb3YEMBIX B MHUKPOSJIEKTPOHUKE, MO3BOJISIET
co3naBaTh MjaaHapHble HaHodoKycupytomue CITJI ¢
pa3smepom aneptypsl 50 MkM 1 MeHee [2—5]. Pa3Bu-

BaroTcs Takke TexHonoruu cos3ganus CITJI n3 Huke-
JIs1, anMasa u Kapouna kpemuus (SiC) [6—S8].

s TecTMpOBaHUS KayecTBa HCIIOJb3YEMbIX
CII u oueHku apdpexTuBHOCTH hokycupoBku CU
C UX IIOMOIBI0O HEOOXOAUMO MMETh BO3MOXKHOCTh
U3Y4eHUs] WX ONTUYECKUX CBOMCTB, B YaCTHOCTHU
oIpeAeseHUs TIoTepedHoro pasmMepa chOKyCHpO-
BaHHOTIO ITy4yka. JIjiuTeabHOE BpeMsl IS 3TOM 1LIeau
HCIIOJIb30BAIMCh METOIBI HOXEBOTO CKAHWUPOBAHUS
[9, 10]. OnHako TaKkue METOAbI COIPSIKEHBI C PSIAOM
TEXHUYECKUX TPYIHOCTE, 0COOGEHHO ITpU HEOOXOI M -
MOCTHU M3MEPEHMS ITyYKOB pazMepoM MeHee 100 HM.

B nocnenHue roapl Bee yaliie UCIOb3yeTCs METO
ntuxorpacduu [8], KOTOpBIHA MO3BOJSCT NOJYYUTh
OoJtee MOoaAPOOHYI0 MH(MOPMALIUIO O CTPYKTYpE MTydKa
B ¢hoKyce 1 okoJio Hero. OHAaKO KaK MEeTOJ HOXKEBO-
ro CKaHMPOBAHMUS, TaK U METOJ NTUxorpadun Noi-
pasyMeBaeT BBINTOJHEHME YCJIOBUSI MPOCTPAHCTBEH-
HOIi KOTepeHTHOCTU TiepBuYHoro nyyka CH, T.e.
JUTMHA KOTePEHTHOCTU JOJIKHA OBITH OOJIBIIIE arep-
Typbl ucnosibdyemoit CITJI. B mpotuBHOM ciydyae B
9KCIIEpUMEHTE OIpeNelisieTcsl pa3Mep IyJyKa, yBeJIu-
YEHHBI 0 CPABHEHUIO C TEOPETUYECKUM 3HAYEHU -
€M IS TOUeUHOro UCTOYHMKA M3-3a KOHEYHOTO 10~
nepegHoro pasmepa ucrounuka CH. Bmecte ¢ Tem
CYyIIECTBYET HEOOXOIUMOCTb B U3MEPEHUU TMpeaesa
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Puc. 1. Daement CIIJI ¢ mapameTpamu: A — anepTypa,
R — paauyc KpUMBM3HBI MapabOINYeCcKOl MOBEPXHOCTH,
d — MUHUMAaJIbHOE PACCTOSTHUE MEXIY MOBEPXHOCTSIMMU,
p — IUTMHA BJIeMEHTAa BAOJIb ONTHYECKOM OCH.

dokycupoBku nydka CH, orpaHUYE€HHOTO TOJIbKO
cTpyKTypoii ucnonbdyemoii CITJI.

B Hacrosiueil padboTe npeajiaraeTcsl IIPUHLIMAIIM-
aJIbHO HOBBIII METOHI OMNpeIe/ICHUSI MOIEPEYHOIO
pa3mepa nmyaka CHU, cdoKycupoBaHHOTO C TTOMOIIIBLIO
CINJI, 3akmovaroniuiicss B UBMEpEHUHU YTJIOBOM pac-
XOIMMOCTY HAHHOIO ITy4Ka C MOMOIIBIO pErucTpa-
oy TUOPaKIMOHHONM KPUBOW KayaHWSI COBEPIIICH-
HOTro MOHOKpucTajia. M3MepeHHbIN TaKUM 00pa3oM
pa3Mep YIJIOBOIO CIIEKTpa Mamaloliero Ha KpUCTalT
WU3JIyYCHMSI MOXET OBITh IIepeCYrTaH B pa3Mep IIydka
B (poKyce Ha OCHOBAHMHU LIMPOKO PAa3BUTOMN aHAIM-
TUYECKOM Teopuun (POKYycHUpoBKU ¢ nomolbio CITJI
[11—15]. HoBglit MeTOI OBLI YCIIEIITHO MTPOTECTUPO-
BaH Ha uctouHuke CU BToporo nokosieHusi. OH sIB-
JISIETCSI JOCTAaTOYHO MPOCTHIM U CTAOMJIBHBIM U I103-
BOJISIET BApbUPOBATh KaK TOYHOCTh U3MEPEHMUSI, TaK
1 YUCJIO PETUCTPUPYEMBbIX (DOTOHOB MyTEM BbIOOpa
HEeOoOXOMMMOTO MHopsiaKa TUMPaKIIMOHHOTO OTpa-
XKEHUS.

TEOPUA

PaccmoTrpum mmanapnyio CITJI ¢ mapamerpamu
OTHEJIBHBIX 3JIEMEHTOB, MPEICTABICHHBIMU Ha puc. 1,
kotopas poxkycupyer CU B mtockoctu (X, z), T 7 —
OInTHUYecKass OCh BKCIIEPUMEHTAIBHON CXeMBbl. DJie-
MmeHTBl CITJI uMmeroT cienymoolnue IrapaMeTpbl: 4 —
aneprypa, R — pagnmyc KpMBU3HBI B IIEHTPE Hapabo-
JINYECKOM TTOBEPXHOCTU, d — MUHUMAJIBHOE PacCTO-
SHUE MEXIy IIOBepXHOCTIMU. J[lImHA 3JeMeHTa
onpenensercsa popmynoii p = A2/4R + d. O6iee ync-
10 sanemeHToB CILJI paBHO N. OnT4ecKue CBOCTBa
matepuana CIIJI onmnchIiBaroTcss KOMIUIEKCHBIM T10-
KaszaTejeM mpejaoMieHuss n = 1 — & + if3, tme 9, B —
COOTBETCTBEHHO ACKPEMEHT ITOKa3aTeIsl IIpejiomMiIe-
HUS 1 $HaKTOp, YYUTHIBAIONIWIA TTomTonieHue [16].

[TycTh TOYEYHBII UICTOYHUK MOHOXPOMATHUYECKO-
ro U3JTy4eHUsI C 9Heprueit £, cMelleHHbI Ha paccTo-
SIHUE X BIOJIb OCU X, OCBELLIAET MEePEAHIO TTOBEPX-
Hocth CIIJI, pacnonoXeHHylO Ha PacCTOSIHUU 2,
BIIOJIb OIITUYECKOM ocH z. PaccMOTpuM 3aBUCUMOCTh
OTHOCUTEJIbHOT MHTEHCUBHOCTU C(POKYCUPOBAHHO-
ro U3JIydeHUsl OT MOIepeyHOll KOOpAMHATHI X; Ha
paccrossHumn z; mocie CIIJI. byaem cuurtarb, 4to
CII gaBnsieTcs AOCTaTOYHO JJIMHHOW U CUJIBHO MO-
[JIOLIAIOIIEN B TOM CMBIC]IE, UTO pa3Mep IyJyka Ha ee
KOHIIe 3HAYUTeJIbHO MeHblie anepTypsl A. B atom
cliyyae CyIIECTBYET aHAJIUTUUYECKOE pelleHUue 3aia-
Yy, 3aIlMChIBacMOE B BUJIE IpoIlaraTopa m3o0paxe-
HUSI 1apa0doIMuyeCKOM HEIIPEPIBHO IIPETOMIIS IO
quH3s [11, 12, 15]. CornacHO aHAJIUTUYECKOM TeO-
puu pacrpeneieHue OTHOCUTEbHOM MHTEHCUBHO-
ctu chokycupoBaHHOro wusiaydeHuss mociie CILJI
npencrasiasieT codoil ¢pyHkumo Iaycca st 1o60oro
pPaCCTOSIHUS Z;.

YyTeM, UTO Ha COBpeMEHHBIX McTouyHMKax CU
pacCCTOSIHUE Z; OOBIYHO COCTaBJISIET AECITKU METPOB,
TaK 4TO Z, > X, X[, [IO3TOMY C BBICOKOI TOUHOCTbIO
MOXKHO MCIIOJIb30BaTh MPUOIMXKEHUE MJIOCKOM Maaa-
IOLIEN BOJIHEI, T.€. YCIIOBUE Z; — °°. B Takom npu-
OMVKEHWM M3 mpollaraTopa M300paXkKeHUSI MOXKHO
MMOJIYYUTh CPABHUTEIBHO ITPOCThIE (DOPMYJIbI IJISI TTO-
JIYLIUPUHBI rayccoBoro nyyka Ha koHue CITI wy u B
TOUKe (hoKyca wy:

Wy = CCLOVFL/'YOCL)I/Z,

(1)
wy = COOLFL0,)" = (You, /C)wy,

o€ BBCACHBI CIICAYIOIIME IMMapaMETpPbI:

o, =(C,+u/S;)/2, Cp=cosu),
. (2
S, =sin(u),
FL:LC/SL9 ’YZB/S,
12 (3)
u=L/L, L =(pR/2)".

31ech A — IIMHA BOJHBI U3nydeHus, L = Np — nnnHa
CIIJI, C=(21n2/m)'/> = 0.664.

M3 (1) ¢ yaeTtoM TOTO, 94TO (POKYCHOE PACCTOSIHUE
CIUJI onpenensiercs Kak f= F;C;, MOXHO TTOJTY4YUThb

HOBYIO (hOopMyITy WIS pa3Mepa ITydka B (pokyce:
w, = C2(7\,/A9L) = 0.441(A/A0,), 4)

rne AO; = w,/f — TIoJTHasI IIMPUHA Ha TTOJIOBUHE BBICO-
ThI (IaJIee — MOJIyIIIMPUHA) YIJIOBOI'O CIIeKTpa (Iajiee —
pacxonuMocThb) choKycrupoBaHHoro mmyuyka CHU.

C yuetom (1)—(4) nerko olleHUTh TTOPSIAOK BeIv-
qyuHBI AQ;. Paccmorpum mmanapayto CITJI co cnemy-
oM napamerpamu: A = 50 MkMm, R = 6.25 MKM,
d= 2 MM, p = 102 MkM. sl dHEprum U3Iy4eHUs
18 k3B u uncna snementoB N = 132 nonmyyaem AQ; =
= 624.8 MKpas.
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B peasbHOM 3KCIleprMMeHTE pacXoauMocCTh co-
KYyCUPOBAaHHOTO ITy4yKa IpeacTaBiIsieT CO00i CBEPTKY
pPacXoaUMOCTH 151 TOUEUHOTO UCTOUHMKA C YTJIOBBIM
pa3mepom Tpoekliuu ucrouHuka CH ¢ noaymupu-
Hoi1 A p. PazMep mpoeKInu UICTOUHMKA OTIPeIeIIsIeT-
csikak P= MS, rne S — pasMep uctounuka, M — pak-
Top yBeauueHust. Makrop yBenudenus mis CILT B
Teopuu onpeneseH B Buae M= (z; + Z,)/(zo + Z;), tae
Zy, Z, — napaMeTpbl, 3HaYEHUSI KOTOPBIX MOTYT ObITh
HalileHbl YWCJIEHHO WM aHaauTtudecku [13, 14].
ITpu atom mist CII ¢ pmunoit L < (m/2) L., 4TO 5KBU-
BaJIEHTHO yCJIOBUIO f > 0, TaHHbIE TTapaMeTpbl UMEIOT
CTPOTO TIOJIOKUTENbHBIE 3HaUeHUs. Torna ajs nojuy-
IIUPUHBI YIJIOBOTO pa3Mepa IMPOeKIMU MCTOUHMKA
MOJIYYUM CJIeIyIOIlee BbIpakeHNeE:

ABp = 5/(zy + Zy)) < §/z,. (3)

M3 (5) MOXHO cienaTh BEIBO, YTO JJIsl HAHO(PYKYCH-
pytorux CITJI BenmunHa A0, sBsieTcsT TIpeHebpe-
KMUMO MaJioil 1o cpaBHeHUIo ¢ AQ;. Hampuwmep, mis
pa3mepa uctouHuka § = 100 MKM U paccTOSIHUS g, =
= 15 M mosryunm AB, < 6.7 MKpa.

HM3mepeHue pacxonumoctu chHOKYCUPOBAHHOTO
nmyuyka CH c BbIcCOKUM paspeliieHueM y1oO0HO TpoBO-
JIIUTh MyTEM U3MEPEHUs KpUBOK NUDPaKIIMOHHOIO
otpaxeHus (KJIO) uaeaarbHOro MOHOKpHCTaia B
reometpuu bparra. [1pu sToMm namepsiemast pacxonu-
MOCTb ONpeaesieTCs CBEPTKOM KpUBOI pacXoauMO-
CTH IMy4YKa C COOCTBEHHOI KPUBOI Ka4aHWSI UCTIOb-
3yeMOT0 MOHOKpUCTaia. B ciyyae cuMMeTprUaHOTO
OTpaxXeHusl B reoMeTpur bparra noayuvpuHa gap-
BUHOBCKOI KpUBOI1 kKauaHus AQ . ornpenessiercs clie-
ayoiuM oopasomM [17]:

AB = 2[y,|/sin(26g), (6)

rae ), — koadduumeHt psna Oypre moasspuzyemMo-
ctu kpuctasuia [ 15], 05 — yron bparra nudpakiimoHHO-
ro orpaxeHus. BemmumHa A0, Takke OKa3bIBaeTCs
TpeHeOPEXXMMO MaJIOif TI0 CpaBHEHUIO ¢ A, : Tak, co-
m1acHo (6), s sHeprun 18 k3B u orpaxkenust 220 or
MOHOKpUCTaIIa KpeMHUs romydaeM AQ = 10.3 Mxpar.

Takum o0Opa3zoM, MUHMMAaJIBHBLIA pa3smep Iydka
CH, cdpokycupoBanHoro ¢ nomoiupto CITJI, moxkeT
OBITh OIIpEe/ICH C JOCTATOYHOM TOUHOCTHIO 110 (hop-
MmyJie (4) HENOCPEACTBEHHO M3 DKCIIEPUMMEHTAJIbHO
U3MEPEHHOU MOJIYLIMPUHBI KPUBOM PACXOAUMOCTHU
0e3 yueTa KOHEUYHOro padMepa ucrounnka CH1 u coo-
CTBEHHOI KpUMBOM KauyaHUSI MOHOKpUCTaa.

OTMeTUM, YTO B CiIy4yae cCJIa00O MONIOIIAIOIINX
CIIJI xpuBasg MHTEHCUBHOCTU C(POKYCUPOBAHHOTO
mydyka He umeeT popmy dyHkumu laycca [15, 18, 19],
U B BTOM cJlyyae MOXeT HaOJIIogaThCcsl OTKIOHEHUE
pa3Mmepa Tydka B (OKyce OT 3HAUCHUI, BEIYMCIIEH-
HBIX 110 hopMmyJie (4), KoTopas ToJIydeHa ISl CUJIbHO
rnorjolamux JuH3. bojiee TouHOe 3HaUEHUE MOX-
HO MOJYYUTHb YUCIICHHBIM MOJETNPOBAHEM DKCIe-
pUMeEHTA.
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MATEPHAJIBI U METOJbI

B xauecTBe MccaeayeMbIX 00pa3LoB UCITOJIb30Ba-
mm mnaHapHable CITJI n3 kpeMHUsI ¢ ITapaMeTpamMu
a5eMeHTOB A = 50 MkM, R = 6.25 MKM, d =2 MKM, p =
=102 mxMm. HabGop mapaiieabHO pacloIOKEHHBIX
mimaHapHbeIx CITJI Ob1 M3roToBIIeH HA KPEeMHUEBOMN
MJIACTUHKE (Yume) ¢ IIPUMEHEHUEeM TEXHOJIOTHU
MUKPOCTPYKTYPUPOBAHUS €€ IOBEPXHOCTU, BKIIIO-
Jalolein B ce0sT MpoLeCcChl 3JIEKTPOHHON JIMTOTpa-
¢uu 1 TIryookoro TpaBiaeHUsI KpeMHus [5]. B akce-
pumMmeHTe uccaenoBaiu math CITJI ¢ pa3auyHbIM YrC-
joMm osemeHtoB: N = 80, 104, 132, 162, 196.
HaumMeHblliee 4uCI0 2JIEMEHTOB BBIOUPAIU UCXOS
U3 HEOOXOIUMOIO YCIIOBUSI CUJIBHOTO TIOTJIOLIEHUS
JUJISI UICTIOJIb30BAHHOM B 3KCMIEpUMEHTaX SHEPTUU U3-
JnydyeHust £ = 18 kaB.

HccnepoBaHus TpoBOAMIIM Ha cTaHIIUM “PeHTre-
HOBCKasl KpucTtajuiorpadus u pu3ndeckoe MaTepua-
noBeneHue” KypyaTOBCKOIO KOMILIEKCAa CHUHXPO-
TPOHHOIO M3JIyYeHMsI; IIOAPOOHOE TEeXHUIECKOE
OonucaHue CTAaHOUM MOXHO HAaWTH, HAIlpuMep, B
[20]. Ha manHOIT cTaHINM pacCTOSHUE OT ITIOBOPOT-
Horo maraurta (ucrounuka CH) mo mo3uimm oo6pas-
11a COCTaBJISIET g, = 15 M, BEpTUKaAJIbHBII pa3Mep uc-
TouHmka S = 100 MKkM. MoHOXpOMaTH3aIIUsI U3TyIeHUS
OCYIIECTBJISIETCSI C TIOMOIIBIO JBYXKPUCTAJTbHOTIO
MoHoxpoMmaTopa Si(111) ¢ cucteMoit o6paTHOI1 CBSA3U
npousBonctsa FMB Oxford.

st mpoBeAeHUsT 9KCIIEPUMEHTOB MCITOJb30BaIN
cxemy, IipeacTaBieHHYIo Ha puc. 2. [IpeaBapuTtenbHO
MOHOXpOMaTU3UpPOBaHHbBIN Mydyok CU orpaHn4rBa-
JIM apoii KOJUIMMUPYIOIIUX Iiejieil pazmepoM 50 X
X 50 MKM? B NEPHEHINKYJISAPHBIX IIOCKOCTAX, YTO
COOTBETCTBYET amepType ucnojib3oBaHHbIX CILJI.
Yum ¢ CITI nomewanayu Ha CTOJIMKE I oOpas3la 1 B
npoilecce IOCTUPOBKM BBIBOAMIM HEOOXOAUMYIO
JIMH3Y Ha ONTUYECKYIO OCh 3KCIIEPUMEHTaIbHOM CXe-
MBI Pacxonmsmuiicst mocne pokyca mydok CH moma-
nman Ha MoHokpucTtast Si(110), ock BpallleHUST KOTO-
poro IepIeHAUKY/IsIpHA IUIOCKOCTA pucyHKa. OHa
ObLTa BBIBEICHA HA ONTUYECKYIO OCh cXeMbl. Pacxo-
JIUMOCTb C(OOKYCHUPOBAHHOTO ITyYyKa M3MEPSJIN ITy-
teM peructpauuu KIO nns orpaxkenus 220 B reo-
metpun bparra. Perncrpanmio mudparupoBaHHOTO
W3JTyYEeHUST OCYIISCTBIISIM C TIOMOIIBIO CLIMHTUILISI -
LIMOHHOTO JIETEKTOPA.

J11s1 o06paboTKU KCIIepUMEHTATbHO U3MEPEHHBIX
JIAHHBIX YTJIOBOU pacXOAUMOCTHU B KAUY€CTBE MOJIE/Ib-
HOIt KpUBOI UcToab30Balu pyHkIuIo ['aycca. YTou-
HEHWE MapaMeTpOB MOJEIU OCYIIECTBIISIIU MyTeM
MUHUMM3ALUNA PACXOXICHUS SKCIEPUMEHTAILHOMN
M PacYETHOM KPHMBBLIX METOJOM HAaMMEHBIINX KBaJl-
partoB. [s1 peanuzaliiy HEIUMHEMHOTO METOAA HaM-
MEHBIINX KBaApaTOB IIPUMEHSIM aJITOPUTM IOCJIE-
JIOBaTeIbHBIX IpuOmkeHuit JleBenHOepra—Mapk-
BaparTa [21].
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Puc. 3. YrioBas pacxonumMocTh cpokycupoBaHHoro mmyuka st CITJ1 ¢ yuciom anemenToB N = 132, uaMepeHHas ITyTeM perv-

crpauuu KO MoHOKpucTaIa KpeMHUs It oTpaxkeHus 220.

PE3VIIBTATHI 1 UX OBCYXIEHUWNE

Ha puc. 3 npencrasieHa ofHa U3 3KCHEPUMEH-
TaJIbHBIX KPUBBIX PACXOJUMOCTHU C(POKYCUPOBAHHO-
ro Iydka, usMepeHHas rmyteM peructpauuu KIAO, u
pe3yabraT 06padboTrku maHHbix misa CIIJ ¢ yuciom
anemMeHTOB N = 132. 3apeructpupoBaHHasl 3aBUCH-
MOCTb XOPOIIIO ONuchiBaeTcs pyHkuueit laycca, 4to
COOTBETCTBYET aHAJTUTUYECKOU Teopuu. s ocTaib-
HBIX 00pa310B JMH3 TakKe Habmonanuch KJ1O, amn-
npokcuMupyemble GyHKIMeld laycca ¢ BBICOKOH
TOYHOCTBIO.

B ta6n. 1 mpuBeneHbl 3HAYEHUST pa3Mepa ImyJyka B
(bokyce w, Ul MCIIOIIb30BAHHBIX B OKCIIEPUMEHTE
CIUJI, BbrunciieHHbIe IO hopMyJie (4) mis MoTydeH-
HBIX [TOCJIE alllPOKCUMaluY 3HaYeHuii A9, . YkazaH-
Hbl€ TOTPEITHOCTH COOTBETCTBYIOT AUara3oHy +3G,
Ine ¢ — cpelHeKBaapaTUUYHOE OTKJIOHEHUE. Takxke B

TaOJMIIEe TIPEACTaBICHbI PACCUMTAHHBIE MO (DOPMY-
Je (1) TeopeTHYeCKUE 3HAYEHUS Wy, COOTBETCTBYIO-
mue nudpakumoHHoMy mpeaeiry CITJI.

Ha puc. 4 npencraBiieHbl 3KCIIEpUMEHTAJIbHbIC
3HAYeHUS U3 Taba. 1 1 TeopeTndecKasi 3aBUCUMOCTh
pa3mepa nmyuka B ¢pokyce ot ginuHbl CITJI. U3 cpas-
HEHMSI 3KCIIEPUMEHTAJIbHBIX U TEOPETUUECKUX TaH-
HBIX BUOHO, uTo It CITJI ¢ uncioom smemeHTOB N =
= 80, 104, 132, 196 B mpeaenax MOrPeIHOCTA JOCTH -
raercst AMppakIMOHHbIHA IIpeaea GOKyCUpOBKU. [iis
CIIJI ¢ N = 162 HabnromaeTcsa CTAaTUCTUYECKU 3HAUM -
MO€ OTKJIOHEHHE OT TEOPETUYECKOIO 3HAYECHMUSI, YTO
MOXKET OBITh CBSI3aHO C 1e(PEKTHOCTHIO €€ CTPYKTYPHI,
HaIpuMep C OTKJIIOHEHMEM MpPeIOMIISIIONICH ITOBEepX-
HOCTH OT IapaboImuecKoil GOopMbI, HAJTMINEM KOp-
pESLIMU 1IePOXOBATOCTU ITOBEPXHOCTU MEXKIY DJIe-
MEHTaMHM WU IIPUCYTCTBUEM CUCTEMAaTUYECKU II0-
BTOPSTIOIIMXCS B 3JIeMeHTax JedekTosB [2, 22].
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HOBBIM METO/ OTIPEAEJIEHUS PASMEPA TTYUKA 9

Tab6muna 1. DxcnepuMeHTalbHbIE Y TEOPETUYECKME 3HAUEHUS pa3Mepa Iyuka B hoKyce

N 80 104 132 162 196
Wp 9KCIL., HM 62.8+2.8 53.7+£23 477129 48.4 £ 3.2 43.0 £ 3.8
Wy, TEOP., HM 62.2 54.5 48.7 44.6 41.8
ITpumeuanue. N — uyucio anemeHtoB CITJI.
OTMeTHUM, YTO B MCITOJIb30BAHHOI 3KCIIEPUMEH- SAKJIIOYEHUE

TaJIbHOM cxeMe peasibHbIl pa3mep nmyyka CH B poky-
ce OyneT Ooublile TU(MPaKLUOHHOrO NMpeaesia 3a cueT
KOHeuHoro pazMepa ncrounuka CH1. Bocmonb3zoBas-
IIMCh OHJIaliH-TiporpaMMoii [ 14, 23], misa CITJI ¢ N =
= 80, 104, 132, 162, 196 moay4yuM cJIeayIOIIE COOT-
BETCTBYIOLIME 3HadeHus: w, = 194, 157, 132, 116,
108 uMm. B pesynbraTe pazMep (pokyca, yIIMpeHHbIA
3a CYeT KOHEeUHOoro pasMepa nucrouHuka CH, okasbl-
BaeTcsl 0oJiee yeM B 2 pa3a 3aBbIIIECH 110 CPABHEHUIO C
nudpakunoHHbIM nipeaesiom CITJI. Takum o6pazom,
HUCMOJIb30BaHME METOo/Ja HOXEBOTO CKaHUPOBaHUS
ISl oTipenesieHusl TpeaebHOTO padMepa Iydyka B
¢dokyce B JTaHHOM cjlyyae OKa3bIBaeTCsl HEBO3MOX-
HbIM, TaK KakK He COOJIIOJeHBbl YCIOBUSI MPOCTPaH-
CTBEHHOI KOrepeHTHOCTU MEPBUYHOTO MyyKa. B To
JKe BpeMs TIpelJIOXKEHHbBI B HacTos el padoTe Me-
TOJ MO3BOJSIET 3KCIEePUMEHTAIbHO OIpPeaAesTh
pa3Mep Imyuyka B (poKyce, OrpaHUYCHHBI TOJBKO pe-
anpHOI cTpykTypoii CIIJI u He 3aBUCSAIINIT OT pa3-
Mepa ucrounuka CH.

Wf, HM
51

70
80

60

104
55F

50

45

132

IMpemwtoxxeH HOBBIIT METOH 3KCTIEPUMEHTATBHOTO
onpeneneHus pasMepa nmydka CHU B dokyce mirsa
JUIMHHBIX HaHodokycupytomux CIJI, 3akmoydaro-
IIMiics B M3MepeHUU YrjioBoil pacxoanumoctu CHU
OyTeM peTrucTpaiuy TU(PPaKINOHHOIO OTPaXKeHUS
CH ot moHoKpucTajuia. JJaHHBIA METOI TTO3BOJISIET
MOJYYUTH MH(pOPMALIMIO O IpeaeabHONi (hOKYCUPOB-
K€ IUISI TOYEYHOTO MCTOYHMKA, OIIPEASISIeMOIl TOJIb-
KO CTpyKTypoii ucrnonb3dyemoit CITJI u He 3aBucsIIEi
OT KOHe4YHOoro pa3smepa mcrounuka CH. Takas uH-
¢dopMals He MOXET OBITh ITOJIydeHa METOIaMM1 HO-
JKEBOTO CKaHUPOBAHUsS W NTUXorpaduu, Tak Kak B
STOM cjlydae M3MepseTcsl pa3Mmep IIydkKa, YIIHpeH-
HBII1 3a c4eT KOHEYHOTO pa3Mepa NCTOUHMKA.

MeTon MCcOIb30BaH B CEPUU SKCIIEPUMEHTOB IO
dokycupoBke CH ncTogHMKA BTOPOTO ITOKOJICHUS C
IMOMOIIBIO TJIaHApHBIX HaHodoKycupyomux CITJI
n3 kpemHus. IlokazaHo, 4TO IIST YeTBIpEX U3 MSTU
ncrionb3oBaHHbIx CIIJI mocturaercs mudpakimoH-
HBII TIpenen ¢hokycupoBkU. Habmomaemoe mist on-
Hoit n3 CI1JI orkiioHeHUe pa3Mepa mydka B (pokKyce

B DKCIIepUMEHT
Teopus

162

196

6 8 10 12

14 16 18 20 22

L, Mmm

Puc. 4. DxcnepUMeHTaIbHO ITOJyYeHHbIe 3HaueHUs pa3mepa nmyyka CH B (hoKyce B CpaBHEHUU C TEOPETUYECKOM 3aBUCHMO-
CThIO TUdpakIoHHOTO Ipeaeia ot mmmHbl CITJI. Hax skcriepuMeHTaTbHBIMYA TOYKAMU YKa3aHo yucio aneMeHToB CITI. OT-
MEUYEeHHBIE MTOTPEITHOCTH COOTBETCTBYIOT TUarna3oHy 130, e 6 — cpemHeKBaapaTUYHOE OTKIIOHEHHE.
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OT TEOPETUYECKOIO 3HAYEHMSI MOXKET OBITH OOBICHE-
HO Je(PeKTHOCTHhIO JUH3BI. TakuM oOpa3om, JoKa3a-
HBI 9(PEKTUBHOCTD NPEIJIOKEHHOTO ITOAX01a 1 BO3-
MOXHOCTb €ro IpUMeHEHUs IJIs OLIEHKM KadecTBa
n3rorosiieHUs miaaHapHbIx CITJI.

Pa6ora BeITTOTHEHA npu TToaaep:kke Poccuiicko-
ro ¢oHna GyHIaMEHTIbLHBIX HUCCIIeNOBaHUM (ITpo-
ekT Ne 19-29-12043mMK) B yacTu pa3pabOTKU TEOPUU;
npu noaaepxke MUHUCTEPCTBA HAYKU W BBICILIETO
obpazoBaHuss P® B paMKax BBITIOJIHEHUSI paboOT 10O
TocynapctBenHoMy 3aganuio MHUILL “Kpucranio-
rpadus u poronnka” PAH B yacTn mpoBeaeHMSI SKC-
MepUMMEHTOB M B paMKax BBIMOJIHEHUsI paboOT Mo
rpanty Ne 075-15-2021-1362 B 9acTit 06paboOTKU U
aHanm3a pe3yiabTaToB. Padora B.A. OHKMHA 110 CO-
3MaHUI0O KPEMHMEBBIX JIMH3 YaCTUYHO IOIaepKaHa
B pamkax '3 Ne 075-00706-22-00.
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