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KomnbloTepHast Mo/ie/b 1a3epHOr0 NMoXKapHoro
M3BeLLLATeNs Ha OCHOBE aHaM3a (hyKTyaLuii UHTEHCUBHOCTY

E. C. JlnutenHosa
XapbKOBCKUA HALMOHa/bHBIV yHMBEpCUTEeT uMeHn B.H. KapasuHa, YkpanHa

PaspaboTaHa 1 onucaHa KOMMbIOTEPHas MOZE/b N1a3epHON0 MOXapHOTo M3BeLLaTens,
npuHUMN paboTbl KOTOPOrO OCHOBaH Ha aHanm3e (ayKTyauuidi MHTEHCMBHOCTW B
CEYEHMM N1a3epHOro Nyyka. VccnegoBaHbl 3aBUCMMOCTY MH(OPMATVBHOTO NapameTpa
M3BeLLATeNs OT PACMOIOKEHUS N UHTEHCUBHOCTM UCTOYHMKA 3aropaHus. MNpoBeseHbl
nabopaTopHble  3KCMEPUMEHTbI, MOATBEPXKAAIOLME  AfEKBATHOCTb  MONYYEHHON
KOMMbIOTEPHOI MogenMn.

KntoyeBble  CcroBa:  NasepHblii  MOXKapHblii  M3BelaTeNb,  KOMMbOTEPHAst  MOZESb,
TeTasgpuyeckuii peTpopetekTop, TYp6yNeHTHOCTb.

Po3spobeHa Ta onucaHa KOMM’OTEPHA MOAENb N1a3ePHOT0 MOXEXHOI0 OMOBiLLyBaya,
npuHUMN pPobOoTN AKOro Mossrac B aHanidi pAyKTyauiil iHTEHCMBHOCTI Yy nepepisi
Na3epHOro nyyka. [ocnifkeHi 3aneXHOCTI iHOpMaTUBHOrO NapameTpa OMNoBiLlyBaya
BifL po3TallyBaHHA Ta CWIM [Kepena 3aropsHHsA. [lposefeHi nabopaTtopHi
eKCMepuUMEHTH, L0 NiATBEPAKYIOTb afieKBATHICTb OTPUMAHOI KOMMN’KOTEPHOT MOZen.
KntoyoBi cnoBa: nasepHiil NO>KeXKHUI OMoBiLlyBay, KOMN’l0TepHa Mofenb, TeTpaeapuyHnii
peTpopenekTop, TYpOYyNeHTHICTb.

The computer model of the laser fire detector which principle of operation is based on
an analysis of the intensity fluctuations of the laser beam is developed. Dependences
of the informative parameter of the detector on the location and intensity of the
ignition source are investigated. The laboratory experiments that confirm the value
obtained by the computer model are made.

Key words: laser fire detector, computer model, tetrahidral retroflector, turbulence.

1. BBefeHue

B HacToslLLee BpeMs CUCTEMbI MOXapHON CUrHANM3aLMN NPeACTaB/eHb! LWNPOKUM
CMEKTPOM  u3BeLLaTesnell, CrnoCoOHbIX OOHapYXUTb 3aropaHve Mo PasMyHbIM
M3MEHEeHMAM BO3AyXa B MOMELLEHUW: MOBbILLEHWE TEMMEPATypbl, NOsBIEHME YacTuL
AbIMa UN TYp6YNeHTHbIX MOTOKOB U T. M.

B 60pb6e ¢ NoXapom caMbIM rNaBHbIM (DAKTOPOM SIB/ISIETCA 06HapY>XeHWe ero Ha
paHHei cTaguy pas3BuTKS. Mo YyBCTBUTENIHOCTW K 3aropaHvio Cpefn W3BECTHbIX
n3BeLlaTenield CTOMT BbIAeNUTb Nla3epHble MoXapHble u3sewarenn  (JIMNA),
aHa/IM3npytoLLMe COCTosiHWE TypOYNEeHTHOCTM CKaHWpyeMoro otbema BO3gyXa npu
MOMOLLM NnasepHoro nyyka [1]. bnarogaps CBOe KOHCTPYKLMW U MPUHLMNY paboThl,
OHW NNLLEHbI TEX HELOCTAaTKOB, KOTOPble MPUCYTCTBYIOT Y, Hanpumep, AbIMOBbLIX W
TEenn0BbIX NOXapPHbIX U3BeLLaTenel [2].

Ha artane KOHCTpyMpOBaHUs TOr0 WM MHOTO YCTPOWCTBA HEOOXOAMMBIM ABISETCH
MpoBe/eHVEe 3KCMEPUMEHTOB, MO3BONAOLWMX MOA0OPaTh MOAXOAALLME TEXHUYECKMe
napameTpbl. A caMble TOYHbIE PaCcyeTbl, KaK U3BECTHO, MOXHO MOMYYUTb, UCMOMb3Ys
KOMMbIOTEPHOE MOENNPOBaHNE.

WTtak, ana onpegeneHns Heobxoaumblx napametpoB JIMA uenecoobpasHo
MCMONb30BaTb  KOMMbLIOTEPHYIO  MOfENb, KOTopas BK/I4Yasa 6bl  BCe  €ro
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COCTaBMAIOWME W a[eKBaTHO MNpeACTaBfsfna MPOLECCH, MPOUCXOAALMe npu
BO3HVKHOBEHWM 3aropaHus.

[aHHasa cTaTbs MOCBSLLEHA OMUCaHUIO KOMMbOTEpPHOM mogenn JIMNW, npuHumn
paboTbl KOTOPOro OCHOBaH Ha aHanun3e (yKTyauuii MHTEHCUBHOCTU W3/y4YeHUs B
ceveHnn nasepHoro nyudka (JINMA-AdN).

2. OnucaHue KoHCTpyKuun JIMN-APN

[ns Havyana cTouT onucaTb KOHCTPYKUMIO paccmatpusaemoro JIMW. Ha puc. 1
NnpuBeLieHa CXeMa PacrosioKeHNs ero OCHOBHbIX Y3/10B U TPAeKTOpUSA NPOXOXAeHUA

Na3epHOro U3nyyeHus.
ﬁhﬂ
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Puc. 1. Cxema JINMN-ADPU

JMN-ADN oTHOCUTCA K M3BELLATENAM C COBMELLEHHbLIM MpuemonepeaTyMKom
(Ha puc.1l NpUMEMHVMK HaMepeHHO CMeLleH Ans yAaobecTBa pacCMOTPeHUs BCeit
KOHCTPYKUuMK). JlazepHoe W3NnyyeHue, Bblllefllee K3 nepejatuvka (nasepa,
Hanpuwvep, NonyrnpoBOAHVKOBOI0), BO3BPALLAETCA K NMPUEMHIKY, PacnooKeHHOMY B
TOM e MI0CKOCTY C NMOMOLLbIO OTPaXKaTelbHOW CUCTEMDbI.

B KauyecTBe cBeTOOTpaXkatens, a TOYHee CKasaTb, CBETOBO3BpALLaTesnsi, 3[ecb
BbICTYMaeT OAUHOYHBIA TeTpasgpuyeckuii petpopednektop (TPP) [3]. Bnarogaps
Tako  KOHCTPYKUMMW, OCYLLECTBMISETCA [ABYKPAaTHOE MPOXOXAEHWE Na3epHOro
U3NyyeHUs uepes TypOyneHTHble BO3MYLLEHWS, BbI3BaHHbIE 3aropaHueM, 4TO
MOBBILLAET LUAHChI €r0 06HAPYXXEHNS.

B otcyTcTBMe 3aropaHus BO34yX B MOMELLEHWW HA Y4YyaCTKe CKaHWpOBaHuA
NasepHbIM MYYKOM OAHOPOAHbIA (puc. 2,a). HO CTOMT MNOSABUTLCA WCTOYHUKY
3aropaHus, BO3HUKAOLLMe TENI0BbIE NMOTOKM, NePeMeLLMBAsACH CO CTOAUYNM BO3LYXOM,
o6pasytoT 06/1acTM C pasINyHbIM MoKasaTesieM MPenoMIeHNs, U UHTEHCUBHOCTb
N3/Ty4eHUs B la3epPHOM My4yKe HauuMHaeT iyKTyuposarts (puc. 2, 6).



228 E. C. NIutBnHoBa

a
Puc. 2. CeueHue nas3epHOro nyyka B HeBO3OY>KAEHHO (a) 1 TypbyneHTHOII (6)
aTmocdepe

Ha npuemHO/ CTOpPOHE pPacnofiokeH (OTOMPUEMHMK, KOTOPbIA n3mepseT
MepeMeHHYI0 COCTaB/AIOWYH0 (DOTOTOKA MPULLEALIEro NasepHOro  U3fyyeHus.
MonyyeHHOe 3HaYeHNe CPaBHMBAETCA C MOPOroBbIM, M B C/lyYae NpeBbILLeHns nopora
BK/IHOYAETCA CUTHA/ O MoXape.

Ha pwuc. 3 npefcrasneHbl pe3ynbtatbl 1a00PaTOPHOIO 3KCNepUMeHTa: U3MeHeHne
BE/IMYNHBI WHTEHCUBHOCTW (CUTHA/I+LLYM) C TEYEHWEM BPEMEHW MpU  HaNUyUK
TypO6YNeHTHOCTW.

[c+w], ab

EREMA, C
Puc. 3. ®nykTyaumm UHTEHCUBHOCT U N3/IyUYEHUA B CEUEHUM NyyKa

BepoAaTHOCTb  06Hapy>keHWst 3aropaHus ana  JINMV-A®U  onpegensetca  no

topmyne Pogy =1-®(In(l+a,)/c)+®(In(l—a,)/c), rae o> — macnepcus

BennuuHbl Inl/1y. B pa6ote [1] oTMeyeHO, 4TO HaubosnbLias YyBCTBUTEILHOCTb

NMN-A®I rMeeT MeCTO, Korga oyar 3aropaHusi pacriofioXxeH Ha cepegmHe Tpacchbl
MPOXOXAEHNA yya.

3. OnucaHve KomnboTepHon mogenu JINMN-APU

Pa3paboTaHHas KOMMbOTEPHAs MOAENb COCTOMT M3 HECKOJIbKMX B/IOKOB, KaXzbll
M3 KOTOPbIX OMWCbIBAET OTAeNbHbIA y3en JIMA. B Lenom Mogenb Noxoxa Ha
aHasIorMyHyto, ONnucaHHyt B [4], HO MOCKONbKY 3TO MOJEe/Nb APYroro u3Belarens,
HECKO/IbKO OT/INYatOLLErocsi, PacCCMOTPUM ee OTAE/bHO.

HauHem ¢ 6/10ka, KOTOPbIA CBA3bIBAET BCE Y3/bl KOHCTPYKLWWN B €AMHOE Lienoe —
3TO MOZeflb, OMUChIBAIOLLAA PACMPOCTPAHEHNE N1a3ePHOT0 U3NYYEHUA MeXAY Y3namu.
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3.1 Mogenb pacnpocTpaHeHUs U3fy4eHus

AMNAUTYAHO-(ha30Boe pacnpesesieHne 3/1eKTPOMarHUTHOrO Mons, KOUM AB/SETCA
W NasepHOe W3flyYeHMe, Ha pasHbIX YyyacTKax TpacCbl pacrnpocTpaHeHus
paccunTbiBaeTCA Mo-pasHoMy. CyllecTByeT TpW OCHOBHbIX MeTofa OnucaHus
pacnpefiefieHnss Mons Ha HeKOTOPOM PACCTOSHUW: NPUGIVKEHUA TEOMETPUYECKONA
onTuku, ®peHens n dpayHrodgepa. MNepsblil paboTaeT B CUTYaLun, KOrga pacCTosHMS
Masibl, U OTCYTCTBYIOT 3(h(eKTbl Audpakuun, Lpyrve nsa — Korja Ha O0/bLUnX
PacCToAHUAX MNOABNAETCA AW(paKkumsa nMbo Korfa usnyveHue ormbaet HeKoTopoe
npensaTcTBYE.

B mogenu yumtbiBaeTcs cuTyauus, nNpyu KOTOPOI 3aropaHne MOXET BO3HWUKHYTb
HEerocpeACTBEHHO BO3/e fiasepa (T.€. B MIOCKOCTU MpUeMOnepefaTynka) wm
peTpopethriekTopa. [Mpu 3TOM B pacyeTax WCMoONb3yeTca  NPUGANXEHVE
reoMeTpUYECKON ONTUKN.

Bo BCex OCTa/lbHbIX CNy4asX, MOCKO/bKY pacCTOAHMA [AO0BOJILHO BEMKW WK
MMeeTCH Audpakums Ha TypOyNneHTHOM 3KpaHe, WCMOMb3yeTcs MpUBAvKeHne

H ! 2 /! 2
OpeHens:  d(X,y)=————— k[(x=x)" +(y-y)"] dxdy’
2ni | ¢ 2|
W(X',y') n ®(x,y) — pacnpefeneHns nons B UCXOAHOW MNOCKOCTW U MOCKOCTY
Hab/ItOJeHNS COOTBETCTBEHHO, a | — PaccTOAHME MeXZY HUMMU.

k eikI
J

Y(X',y')exp rae

3.2 Mogenb TypOyneHTHOR 061acTn

Hag ouarom 3aropaHusi BCNeACTBME HarpeBa W MNepeMelLMBaHUA BO34yXa
06pa3sytoTcsa TypOyneHTHble 06/1acTK € DAYKTYUPYHOLWMM (CyYaiiHbIM) MoKasaTenem
npenomneHus. Tpy  NPOXOXAEHWM Takoil  06/macT  fasepHOe  M3/lydeHue
nepectpamsaetcs (Augparnpyer), U3-3a Yero YAyKTympyeT 3Ha4eHNe MHTEHCUBHOCTM
B pa3HbIX YaCTAX €ro CeveHms.

TpagMuMOHHBIM METOLOM OMMCaHWst aTMOCHePHON TypOYNeHTHOCTU SABNSETCS
npuénmkeHne (asoBoro akpaHa [5]. OkpaH npefcTaBnseT co60iM HenpepbiBHOE
C/lyyaliHoe rayccoBo norse.

B obuwem cnyyae B KayecTBe CMEKTPasbHOW MIOTHOCTU Ans  ONMUCaHUs
TYpOYNeHTHOCTU UCNonb3yeTca cnekTp goH KapmaHa [6]:

_1}/
Sy (w)=0.033 CE(WZ + w2) 6 exp (— w? /w,%), roe Cr% — CTPYKTYpHas NnocTosHHas
(hnykTyaumnii nokasarens npenomneHuns, wg =2n/Lg, wp =592/l (Lg n lg -
BHELUHWIA N BHYTPEHHWI MacluTabbl Typby/IleHTHOCTU COOTBETCTBEHHO).

B mogenu cnyyaliHoe pacnpefeneHune nokasarens npenomneHuns (hasosblii aKpaH)
paccyMTbIBAETCA METOLOM (DOPMUPYHIOLLEro (PUbTPa, MO3BONAKOLWLMM MEeHepUpoBaTh
cnyyaliHble rayccobl nons [7]. Coctasnswowme crnektpa poH KapmaHa BbiCTynatoT
3/eCb B Ka4yeCTBe NapameTpoB TypOY/IEHTHOCTH.

Mpumep peanu3aumn (Ha3oBOro 3KpaHa C MOMOLLLH KOMMbIOTEPHOM MOAeNu
npeacTas/eH Ha puc. 4.
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Puc. 4. Peannsauus cnyyaitHoro ha3oBoro akpaHa

3afaBasd pa3/MyHbIe 3HaYeHWsi napameTpoB TYpOYNEeHTHOCTU (Cﬁ, Lo n lg) ¢

MOMOLLLI0 MeToga (DOPMUPYHOLLErO (ULTPa, MOMyYaeM HEoBXOAMMbIE CMyYaiiHble
(ha3oBble IKPaHbl A1 MOAENMPOBAHMA Pa3INYHbIX CTaAuiA 3aropaHus.

3.3 Mogenb oTpaxaTeNbHON CUCTEMbI

OtpaxatenbHas cuctema JINMU-A®U  npeactaBnseT  Co60M  OAUHOYHbIN
TeTpasgpuyeckunii  petpopednektop (TPP) pa3vepom 2-3 cMm. WpgeanbHblli TPP,
6narofaps 0CO6eHHOCTAM CBOEW KOHCTPYKLMM, BO3BpaLLaeT nasepHoe U3ny4veHue B
CTPOro 06paTHOM Hanpas/ieHNN.

AdekTnBHON anepTypoit TPP B cnyvae HOPMasbHOrO MafeHWUs W3/yYeHUst Ha
(PPOHTaA/IbHYIO TPaHb ABMSETCA MPaBU/bHBINA LLECTUYToNbHUK. CeyeHre OTPaXXEHHOro
Na3epHOro nyyka Takke UMeeT ()OpPMy LUECTUYTOMIbHMKA, HO pasfefleHHOro B cuny
32KOHOB OTPaXXEHWS Ha LLIECTb CEKTOPOB (P1C. 1) MO LWeCT! BO3MOXHbIM TPAeKTOPUAM
npoxoxgaeHus ny4ya B TPP.

B mogenu BepimHa TPP coBMeLLieHa C Ha4yaioM AeKapTOBOWM CUCTEMbI KOOPAMHAT,
YTO NO3BOJIU/O LOBOJSILHO MPOCTO PaccyMTaTh TPAEKTOPUN ABVXKEHUS KaXXA0ro nyya.
Tak>Ke Y4TEHO nepepacrpeseneHmne 3Heprum ¢ ydetom nonspusauum [8].

NTaK, Ha OCHOBaHWM MpPUBEEHHbIX Bbllle WCCMefoBaHW Oblna paspaboTaHa
KomnbloTepHaa mogenb JINMUN-A®W, Bkiovaowas BCe 4acTW ero KOHCTPYKUMKU U
aTanbl NPOXOXAEHUA B HEM N1a3epHOro N3NyyeHus.

KomnbloTepHas nporpamma, peasmsylowias mofenb, bblia HanucaHa Ha fA3blke
C++ B cpege Eclipse ansa napannenbHbIX BbIYUCIEHWIA HA KNACTEPE C UCMO/b30BaHWeEM
onénmotek MP1 n MPI-FFTW.

MporpaMma pa3buTa Ha HECKONbKO MOAynel, 4TO [JaeT BO3MOXHOCTb
KOMMOHOBaTb MX MO PasMyHbIM CXemaM [11 MOAENMPOBaHUA APYTrUX na3epHbIX
[aT4NKOB COCTOAHUS TYpPOYNEHTHOCTY.

BX0AHbIMM [aHHBIMW NpOrpaMMbl AB/AKOTCA LUMPWHA 1a3EPHOT0 Ny4Ka, AnvHa
Tpacchl, Yribl NageHns U3nyyeHns Ha oTpaxkaTesb, napameTpbl TYPOYNeHTHOCTY.

BbIXOAHbIMM [aHHbIMW ABNAKOTCA amMNIUTYAHO-(Pa30BOE pacnpeseneHne nons Ha
MPMEMHMKE C YYETOM COCTOSIHMA nonspusaumm 1 rpauky 3asmcumoctert CKO
(NyKTyaunidA WHTEHCMBHOCTM B CEYEHWW J1a3epPHOr0 MyyKa, MNpULLeALIEro Ha
(hOTONPUEMHMK, OT MecTa PacrofioXeHus TypOyneHTHOM 06/1acTh Ha Tpacce M OT
COCTOSAHUS TYPOYNEeHTHOCTH.
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4. PesynbTaTbl paboTbl

B xope paboTbl ObinM NpoBeAeHbl MOLeNbHbIE 3KCMEpUMEHTbI. Pe3ynbTarthl
KOMMbIOTEPHOr0 MOAENMPOBaHUSA NMPOBEPANNCL C MOMOLLLIO 1a60PaTOPHbIX MaKeToB
n3BeLlatTens, cobpaHHoro no cxeme Ha puc. 1. Pa6ota JIMN-A®U oueHnBanach ¢
[BYX CTOPOH: MO CMOCOGHOCTU K 06HapY>KeHWIO 3aropaHna Ha BCEX y4acTKax Tpacchl
MPOXOXAEHNA Nyya W MO YYBCTBUTENbHOCTM K CWne 3aropaHus (T.e. CTeneHu
TYPOYNEHTHOCTH).

Hwxe npuBeseHbl rpadikn 3aBUCMMOCTEN, NOYYEHHbIX B X0 UMUTALMOHHOIO U
NabopaToOpHOro MOAENNPOBaHMS.

Ha puc. 5, a npeactasneHa 3asucumocte CKO (yKTyaumii MHTEHCMBHOCTM OT
pacrnonoXeHns TypOy/neHTHOrO 3KpaHa Ha Tpacce MPOXOXAeHWs nyya. M3mepeHus
MPOBOAWMNCL B MOMOXEHMSAX OT Hynd A0 NATU METPOB MeXay /a3epoMm WU
NMPUEMHUKOM, CunTas OT /1a3epa, C Larom B O4UH MeTp.

pACCTOAHKE, M
6
Puc. 5. 3aBucumocTyn CKO thnykTyaumuin MHTEHCUBHOCTY OT Pacrnono>KeHus
TYpOYNeHTHOro aKpaHa: pe3yNbTaThbl KOMNbLIOTEPHOro (a) n HaTypHoro (6)
3KCNepUMEHTOB

B xofe NnabopaTOpHOro 3KCMNepuMeHTa, TEMnIOBOW WCTOYHWUK, MOLENPYHOLLMIA
TypOYNeHTHbIN 3KpaH, pacnonaraicsd Mo Ny4yoM U nepemellancs BAOMb TPacchl.
CurHan c BbIxofa (hOTO3/MEKTPOHHOIO YMHOXMWTENS MOAABa/IC Ha BXO[, 3BYKOBOM
KapTbl KOMMblOTEPa M OLM(POBbLIBA/ICA C MOMOLLLIO CTaHAAPTHOW Mporpammbl
CoolEdit. CTtaTuCTUYeCKWin aHanv3 3aperucTpupoBaHHON B TedeHue 30 CeKyHA
3aBMCMMOCTMN MepeMeHHON COCTaB/AOLLENA (hOTOTOKa Mo3BonA oueHUTb CKO 3Toi
Be/IMUMHBI (puc. 5, 6).
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MonyyeHHble 3aBUCUMOCTU (puc. 5) cBuaeTensCcTBYeT 0 ToM, yTo JIMTN-ADPU
4yBCTBUTE/IEH K 3aropaHuto B /1060 30He Ha Tpacce pacrnpocTpaHeHUs N1a3epHOro
My4Ka, HO 0CO6EHHO B LIEHTPe Tpacehl.

[anee npefctaBneHbl rpagmKn 3aBUCUMOCTel YyBCTBUTENbHOCTM JIM-ADU K
cune TypbyneHTHoCTH (puc. 6).

'S NS SUNNUR SR SRS (oot SONUS RSN B
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0 20 40 50 50 100
HanpaxeHwe, B

6

Puc. 6. 3aBucumocTyn CKO thnyKTyaumin MHTEHCUMBHOCTU OT COCTOSHUS
TYpOYNEeHTHOCTL: pe3ynbTaTbl KOMNbIOTEPHOro () 1 HaTypHoro (6) aKcnepyMeHTOB

MMyTeM MOCTeneHHOro M3MeHeHUs napameTpoB TypOYNEHTHOCTU MeHs/CH paguyc
KOppenAaumMmn Cny4yainHoro pacrnpefeneHvs nokasarens npenomneHns (hasoBoro
3KpaHa), U CTPOWNach 3aBUCMMOCTb PAYKTYaL Ui UHTEHCUBHOCTU OT OTHOCUTE/IbHOTO
paguyca Koppenaumn. B gaHHOM clyyae 3TO COOTHOLLEHWE LUMPUHBI NyYKa U paguyca
Koppenauun (d/r). Yem 6onblue 3TO COOTHOLUEHME, T.e. YeM MeHbLUe paguyc
KOppenaummn, a 3HauuT CunbHee TypOYNeHTHOCTb, TEM CuU/ibHee HabMr4anCh
(DNYKTYaUUn MHTEHCUBHOCTM B CEUEHUM MyudKa (puc. 6, a).

AHanornyHas 3aBMCMMOCTb MCCefoBasiaCb C MOMOLLBIO (PU3MYECKON MOAENn
(pe3ynbTatbl NpefcTaBneHbl Ha puc. 6, 6, rae No ocu abCuUMCC OTNOXKEHbI 3HAYEHWA
HanpsXeHWs, MoLaBaeMoro Ha HarpeeaTe/lb TernjioBOr0 WUCTOYHWKA). [pu 3ToM
YBEe/IMYEHNE HAMNpPSXKEHUs COOTBETCTBYET YBE/IMYEHWUIO CTereHn TypOYNneHTHbIX
NCKaXXEHWIA, T.e. BennumHe d /r Ha puc. 6, a.

Mpu otcytcTBuKn TypbyneHTHoct (U =0B) Ha Bbixoge (hOTONPUEMHMKA

PErncTpupytoTCa TOMbKO LWyMbl. [lpy 3TOM OTHOLUEHME (C+L)/W, WU3MEpeHHoe B
feunbenax pasHo 0. C pocTom CcTeneHn TypOy/neHTHOCTU BO3pacTaeT BenMuMHa
COOTHOLLIEHWS (C+Lu)/Lu.
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CTOUT OTMETUTL, YTO, CPaBHMBAsA pPe3y/bTaTbl UMUTALMOHHOTO M 1abopaTopHOro
MOAENNPOBaHMS, MOXHO TOBOPUTb TOMIKO O KayeCTBEHHOM COOTBETCTBUM
MONYYEHHbIX AaHHbIX, MOCKO/IbKY TOYHO W3MEPUTb MapameTpbl TypOyneHTHOCTU B
nabopaTopun He NpesCTaBNAETCH BOSMOXHbIM.

Bapbupysa 3HayeHMs BXOLHbIX MapaMeTpoB M aHaM3upys MosyyeHHbIe npy 3ToM
rpaukn, C MOMOLLbIO KOMMbIOTEPHOM MOZENIM MOXHO MNoA6vpaTs HeobxoauMble
TexHu4yeckme napametpbl JIMN-ADPU Ha cTagmm ero pa3padboTKu.
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