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MATEMATHUYHA MOJIEJIb 3AITIOBITAHHSA HAJI3BUYAMHUM
CUTYANIIAM, BUKIINKAHUX ITOKEXKXAMU PAAJIOAKTUBHO-
3ABPYJHEHHUX JIICIB

TeopeTHyHO O0OTPYHTOBAaHO MAaTEMAaTUYHY MO/ICIb 3aM00IiraHHs HaI3BUYAHIM
CUTYaIIisIM, BUKIIMKaHUX MTOXKEXKaMHU B PaJi0aKTUBHO-3a0PYTHEHUX JIICOBUX MacHBaXx.
Moens siBisie cO000 CUCTEMY 3 TPhOX aHAJITUYHUX 3aJICKHOCTEH : TepIa JJ03BOJISIE
o0YHuCITIOBAaTH WMOBIPHICTh BUSIBJICHHS PAJI0OaKTUBHOTO TMEPEABICHUKA TOMXKEXKI
JICOBOTO MAacHBY B 3aJCKHOCTI BiJl TCOMETPUYHUX PO3MIPIB KOHTPOJIHOBAHOIO
palioHy JiCy, dYacy TIOIIYKY 1 TONIYKOBUX 3YCHJIb, IO TPHUKIATAIOTHCA 1
BU3HAYAIOTBCS CTPATETiIMM TIOMIYKY; Jpyra JO3BOJSE pPO3paxyBaTH 3HAUYCHHS
MOITYKOBUX 3YCHIIh (TIOMTYKOBOT MPOJYKTUBHOCTI) B 3aJICKHOCTI BiJf TCOMETPUIHHUX
pO3MIpIB  pajioaKTUBHOI aHOMajli 1 JanbHOCTeW 1i BHUSBJICHHS OCHOBHHM 1
JOJIaTKOBUM KaHAJIaMH; TpEeTs BHU3HAYA€ JaJbHOCTI BHSBJICHHS pPali0aKTHUBHOT
aHoMaJii B 3aJI€KHOCTI BiJ IIBHUIKOCTI 1 BHCOTH TOJIBOTY OE3MUIOTHUX JITaJTbHUX
amaparis. [IpoBeneno eKCIIEPUMEHTAIBHY nepeBIpKy npare3aaTHOCTI
3aIpONOHOBAHOI MAaTeMaTHUYHOT MOJIEN 3a JOMOMOTOI0 JabOpaTOPHOI YCTAaHOBKH 1
METOJAUKHA TPOBEJCHHS €KCIEPUMEHTIB 3 1i BUKOPHUCTAHHSAM. Tak BCTaHOBJIEHO, IO
0COOJIMBO Ha paHHIX CTaJligX 3aropsHHS, IpaIoe cPepudIHUil 3aK0H: (PPOHT XBHIII
PO3IIUPIOETHCS K CTIHKHM IWIIHAPA, 1 IHTCHCUBHICTh BUIIPOMIHIOBAHHS 3MEHIITYETHCS
NpornopiiiHO BifacTaHi. lle o3Havae, 1m0 BHACHIOK pellakcaIlliHUX TMPOIECIB, IO
BiIOyBalOThC B aTMmocdepi, BIMOYBA€ThCA 3aracaHHs BUIPOMIHIOBAHHsS Ha
BEITMYMHY, KOHKPETHE 3HAYCHHS $KOi 3aJ€KUTh BiJl YaCTOTH BHUIPOMIHIOBAHHS 1
neskux (HI3UYHUX MapaMeTpiB MpU3EeMHUX ImapiB  atMmocepu. BpaxyBanus
OTPUMAHUX y POOOTI PE3yNbTATIB MPH 3aMO0IraHH1 PO3BUTKY HAA3BUYANHOT CUTYaIlil
BUKJIUKAHOT TIOKEKEI0 B PaJI0aKTUBHO-3a0pyTHEHOMY JIICOBOMY MAaCHBi J03BOJISE
NpUiiMaTH KEpiBHUKY JIKBIaIli HAA3BUYAMHOI CUTyaIlli MpaBWIbHI YIPABIIHCHKI
pimeHHs Ta 3abe3nedynTH O€3MedYHi yMOBH poOOTH il pATYyBaibHHKIB. [lomambiri
JOCTI/DKCHHSI TUTAHYEThCS MPUCBATUTA  PO3pOOII METOAMKH TMPOTHO3YBAHHS
HaJ3BUYAHHUX CUTYaIlil, BUKJIUKAHUX IMOKEKAMHU PATI0aKTUBHO-3a0PyTHCHUX JIiCiB
3 BUKOPUCTAHHSM PO3BiIyBabHUX O€3MUIOTHUX JIITATTHUX araparis.

KawouoBi cioBa: Haa3BuualiHa CUTYyarlis, pagioOakTUBHE 3a0pyaHEHHS,
3amo0iraHHs HaA3BUYAWHUM CHUTYaIllsIM, TOXEXa, JICOBUM MacuB, OC3MIIOTHUU
TTATBHUN amapat, MaTeMaTHIHa MOJICTTb.



1. Beryn

VkpaiHncbkuil Hapoa Ha coO1 BumpoOyBaB, IO Take HACHIIKH sAIEepHOL
karactpo@u. Ha cbOrogHimHiiA JeHb ICHY€E TPUALSATH-KUTOMETpoBa YOpHOOMIBCHKA
30Ha BIIUY>KEHHS, i€ KpPIM BIJBaJliB 3 PaJlOaKTUBHUMU PEYOBHUHAMH CTOSIThH CTapi 1
MOJIOAI JIicH, 110 BBIOpanu B ceOe paalOHYKIIAM, SKI 3HAXOAATHCS B IPYHTaX 1
IPYHTOBUX BojAax. SIKuio B nepii poku micist HopHOOMIbChKOT KaTacTpodu JAepeBa B
paaloaKTUBHO-3a0pyAHEHUX JIICaX MajlM SIBHO BUPAXKEHW Oypuil OKpac XBOi, TO
TEnep MOJIO/II AepeBa 30BHI HIYMM HE BIAPI3HAIOTHCS BiJ 3BUUANHUX.

OcoOnuBICTh  MOMIMPEHHS  PaJlOaKTUBHUX  MPOJAYKTIB TOPIHHSA  MpH
Haa3BuuaHux cutyanisx (mani — HC) B panioakTHBHO-3a0pyIHEHUX JTICOBHX
MacuBax MOJIATa€ B TOMY, II0 YAaCTHHA 3 HUX MEPEXOJIUTh B Tra3omojiOHI 1 HaHO-
CTPYKTYPH, SIKI CXWJIbHI JO TPAHCKOHTHHEHTAJBHOTO MEpeHOoCY, TOOTO MOXKexa
pPaaioaKTUBHO-3a0pYyAHEHOr0 JIICOBOTO MAaCHUBY MOYKE€ MPUBECTU 0 PaTI0aKTUBHOTO
3a0pyIHEHHS MICIIEBOCTI 3@ COTHI 1 TUCAY1 KUIOMETPIB BiJl MICIISl 3arOPSIHHS.

s 3axucty HaceneHHs y Bumaaky Takux HC, a takox myga e(eKTUBHOTO
BUKOHAHHS TMONEPEKYyBATBHUX 3aXOAIB aAMIHICTpaTUBHI opranu 1 JlepxaBHa
cnyx0a VYkpaiHu 3 HaA3BUYAWHUX CUTyallld TOBUHHI BOJOMITH JOCTOBIPHOIO
iHpopmartiero npo BunukHeHHs: HC B pajioakTMBHO-3a0pyAHEHHX JTicax.

VY 3B'I3Ky 3 BHUIIlE HAaBEJECHUM, BUHUKAE€ aKTyajbHAa HA CHOTOJHIIIHIA JE€Hb
HayKoBa mpoOjieMa — BHUCOKa MoTeHIiiHa HeOe3neka HC, moB’s3aHuX 3 MOXKeKaMH
pPaloaKTUBHO-3a0pyITHEHUX JIICOBUX MacUBax.

2. AHaJi3 JiTepaTypHHUX JaHUX Ta NOCTAHOBKA NMPOodjaeMH

Jl;1s1 BUpillIEHHS MMOCTaBJICHOT HAYKOBOI Mpo0eMHu HEOOXITHO TIPOBECTH aHAIII3
JMTEpaTypHUX JaHux Imojo 3anobiranHs HC, BUKIMKaHUX TOXKEXKaMHU B
paloaKTUBHO-3a0pyITHEHUX JIICOBUX MacHBaXx.

JleTanpHuii aHami3 ICHYIOUMX METOMIB 1 cmocoOiB mporHo3yBanHs HC,
CIPOBOKOBAHMX JTICOBUMH TOxexkamu HaBeaeHo B [1]. 1lo x mo momepemxenns HC,
TO OJIHUM i3 e(DEeKTUBHUX METO/IIB € [2] — BU3HAUCHHS JpKEpea BUHUKHEHHS MOXKEXKI
31 MITy4YHUX CYNYyTHUKIB 3emii. HasBHICT CYNyTHHUKOBUX JIaHUX BHUCOKOi
MPOCTOPOBOi PO3ALIHLHOI 3MaTHOCTI Ha ocHOBI TeoiHdopmaniiinoi cuctemu (I'IC)
J03BOJISIE HE TUIBKM BHUSBISITH TIOKEXKI, 3MPOTHO3YBAaTH iX HACHIKHA, ale 1,
MpOAHaNI3yBaBIIM OTpPUMaHy iHQOpMaIlil0, pPO3POOUTH KOMIUIEKC 3aXOdiB 3
MoTiepe/KEHHs ii PO3BUTKY. B crcTeMi BUKOPHCTOBYIOTHCS JaHi I’ ITUKAHAIBHOTO
pamiomerpa AVHRR B moegHanHi 3 TOpOTOBUMH ajTrOpUTMaMU BUSBICHHS
OCepenKiB TOoNyM’si, AKi 0a3yloThCcs Ha 3aCTOCYBaHHI CYKYMHOCTI (DikcoBaHMX
TPaHUYHUX 3HAYEHb JI0 BUMIPIOBAIBHUX XaPaKTEPUCTHK IHTEHCHBHOCTI BUXIIHOTO
BurnipomiHtoBaHHs. OCHOBHMMH 1H(QOPMAaTHBHMMH O3HAKaMU TYT € pajialfiiiHa
Temmeparypa i pisHuI temmneparyp. OCHOBHUMU HEJOJIIKaMU JaHOI CUCTEMH €:

— HU3bKa TOYHOCTI BUSABJICHHS OCEPEIKIB MOXKEKI,

— HEOOXITHICTh PO3pOOKHU 3arajbHOi MaTemMaThdHOi Mozenl 3anmobiranus HC,
BUKJINKAHUX TTOXKEKAMHU, KA IO3BOJIUTH YOCKOHAIUTH METOAMKY iX 3am0o0iraHHs.

PoGota [3] HanpaBiieHa IpUBEpPHYTH yBary HayKOBOT'O CITIBTOBAPUCTBA 1 BIIaI1
€BPOMEICHKUX KpaiH A0 MPOTHO30BAHUX PHU3UKIB, MOB'S3aHUX 3 MEPEPO3NOALIOM
pagloaKTUBHOCTI B €Bpomi. BUKOPUCTOBYIOUM THUMYACOBY YaCTOTY MOXKEXK, IO



cTajiucs B UboMy pailoHi mpotsirom 2010 poky, BUBYEHO TpH CLEHApIi,
npunyckatou, mo 3ropiio 10%, 50% 1 100% nmomi JjicoBux MacubiB. byna
BHUKOpHCcTaHa riodanbHa Moaenb LMDZORINCA, sika 3unTye mUIbHICTh BUNIAJAHHS
PaAIOHYKJIIIIB 1 IUIOII1 CMaJIeHb 13 CYMYTHUKIB, TOAl K PU3UKHU JJIS JIIOJEH 1 TBAPUH
pO3paxoByBaJIMCsA 3 BHUKOPUCTAHHSM JiHIMHOT Oe3moporoBoi moxeni (LNT)
KoM 'torepHoro nporpamuoro 3abesneuenns ERICA Tool, BignoBigno. OgHak, npu
3aCTOCYBaHHI TaKOro IMIAXOAY ICHYIOTHb CKJIQJHOINI 3 TMEpPEeBIPKOI0 aJIeKBATHOCTI
OTPUMaHUX JTaHHX.

VY [4] nponoHy€eTbCSd METOAMKA MIATPUMKU MPUIHATTS PillIEHb MPH JIIKBIJALI1
HC, noB’s3aHux 3 JICOBUMH TMOXEKaMW Ha 3a0pyJHEHUX 3eMIIIX 1 cHucTema
3HIDKEHHSI PU3UKIB. Po3rismaerbes mpobiieMa MOHITOPUHTY TMOXKEKHOI HeOe3meKu
JICOBUX MAaCHUBIB Ha MPUKJIAJIl BUKOPUCTAHHS Cy4YaCHUX CUCTEM BHUSBJICHHS 1 TaCIHHS
MOXEX B 30HAX paJioaKTUBHOTO 3a0pynHeHHs. JlaHO mokmagHWii — ommc
BukopuctanHs reoinpopmariinux cucrem (['IC) B mpodimakTuili, BUSBIEHHI 1
raciHHi JIICOBUX TOXEX. Y poOOTI BHKOPUCTOBYBajacsi cucTeMa Kiacuikarii
MOKeXHOT HeOe3meKku Ha OCHOBI I1HBeHTapu3alii JepeB, 1HdopMmalii npo
HACa/PKEHHSIX Ta MPOTHO3M 3POCTaHHS JIICIB IS OIIHKM (aKTMYHUX 1 ManWOyTHIX
PU3MKIB TIOXKEX 1 BUKUIIB B armocdepy paaionykiifaiB. [Ipore, nana pobora
HamnpaBiieHa OUIbIIE HA OIIHKY E€KOJOT1YHOI 3arpo3u, HDK Ha peanizaliio 3axo[iB 13
3anobiranast HC, mpo 11e kK TOBOPUTH BiJICYTHICTh MAaTEMaTHYHOTO amapary ix
HOTepeKEHHS.

VY [5] 3anpornoHOBaHO HOBHH CHCTEMHHMH MiAXix I MOHITOPHHIY JIICOBHX
MOKEX Ha BEIMKUX TepuTopisx. CTBOpeHa apXiTeKTypa KOMIUIEKCY, a TaKOX
e(eKTUBHI METOAW LEeHTpalizalii 1 MpuHHATTS pimeHb. HaykoBo-TexHIYHA 3a7a4a
MOJISATA€ B CTBOPEHHI CUCTEMHU PO3MOJILICHOTO BIEOCTIOCTEPEKEHHS IJI1 BUPIICHHS
3aBJaHHS PAHHBOT'O BUSBJICHHS JIICOBHX IMOXKEXK. Y CTaTTI PO3TIIANAIOTHCA 1ICHYIOY1
MiAXOMW BHUSBICHHS TIOXKE)K: BHUKOPHCTaHHS CIICI[iai30BaHUX BHUIIOK, METOIU
BUSIBJIICHHS TTOKEX 3 TIOBITPS, 3 BUKOPUCTAHHSM JIITAIBHUX arapatiB pi3HOTO Kiacy,
MI00ATBPHUN MiAX1A JJISI MOHITOPUHTY JIICOBUX IOXEX 3 BHUKOPHUCTAHHSIM CHCTEMHU
CYIyTHUKOBOT'O MOHITOPHUHTY, CHCTEMH B1JICOMOHITOPHUHTY. 3allpOTIOHOBAaHA B pOOOTI
cUCTeMa IpU3HAYCHA /ISl BUSBIICHHS JIICOBUX TOKEXK Ta BUZHAUCHHS 1X TPOCTOPOBUX
KOOpJIMHAT, B MaciTadl peaabHOro yacy. s GpyHKI[IOHYyBaHHS KOMIUIEKCY MOXYTb
OyTH BHKOPHMCTaHI BHUIIKMA OINEpPaToOpiB 3B'SI3KYy 1 IiCHyIOUYe I1H(POKOMYHIKAIIHHE
cepenoBuIe mepefavi AaHUX. B poOOTI mpoaHaTi30BaHO ICHYIOUI MIAXOAU O
MOHITOPUHTY JIICOBHX TIOXKEX, OJHAK TIMTAHHS 3amo0iraHHs PO3TJISIA€ThCS
nmoBepxoBo. KpiM Toro po6oTra HampaBiieHa Ha MPECTABICHHS amapaTHUX 3aco0iB,
pO3poOKa MaTeMaTUYHUX 3aJIeKHOCTEN (DI3UYHUX MPOIIECIB HE HABECHA.

B [6] po3rmsHyTO COIiaIbHO-CKOJIOTIYHY MpoOieMy, ska ToTpedye
nedparMeHTaiii iCHyloUnX CHCTEM YTIPABIIHHS PU3UKAMU Ta MPUHAHATTS YHCICHHUX
KOPOTKOCTPOKOBUX 1 JOBTOCTPOKOBHX 3aXOIB IIOJIO MOTEPEIHKEHHS Ta 3HIKCHHS
BIUIMBY BUKHUJIIB PAJIOHYKIIAIB B pe3yJbTaTl JICOBUX MOXKEXK B butopyci, Ykpaini Ta
Pocii. Po3po6iieHa cuctema MOJICNIIOBaHHS PU3UKIB JIICOBUX MOXKEXK MPU3HAUCHA IS
MPOTHO3YBaHHS WMOBIPHOCTI BOTHHUII BUHUKHEHHS BEJIHWKHUX TIOXKEX 1 MICIb, JI€
3aropstHHS MPUPOTHUX TOXKEXK, IMBUIIE 32 BCE, MPU3BEE 10 3HAYHOTO MTOBTOPHOTO
aepo30JII0OBAaHHA pafioHyKIiniB (Hampuknan, 'Cs). PesynbraTw MojeqlOBaHHS



MOKa3aJid, SIK ASUIBHICTH JIIOJIMHU BIUIMBA€ HA PEXUMH MOXKEXK1 1 UMOBIPHICTH il
BUHUKHEHHS Ha 3a0pyJHEHUX TEpUTOpIsX. 30KpeMa, 3ampoloHOBaHa CHUCTEMa
MOJICITIOBAaHHS MOJKE€ BHUKOPHCTOBYBATHUCSI JII BHUBUCHHS MIUPOKOTO CIIEKTPY
CLIEHAPIiB YIpaBIiHHSA MOXKEXaMU Ha 3a0pyJITHEHUX TEPUTOPIAX 1 BHECEHHS BKJIaay B
KOMIUICKCHY CTpaTerilo YMpaBIiHHS TMOXKEKaMH, HaIllJIEHy HAa KOHKPETHI YMHHUKH
3aropsiHHs, 3a PAaxXyHOK BUKOPUCTaHHS JEKUIBKOX I1HCTPYMEHTIB, BKJIIOYAIOUU
JIOBIOCTPOKOBE YIpaBJiHHs JIicOBUM (oHaoM. OpHaK, OCHOBHUW aKICHT B JaHii
po6oTi 3po0JeHO Ha po3pOOKYy CTparerii ympaBliHHS MOXKEXKaMHu, gKa 00'€IHye
BUSIBJICHHS, X JOKadi3aiito Ta JikBigamito. [lutanHs 3amoOiranHs po3Butky HC,
OB’ SI3aHUX 3 TTOYKEIKAMH Y BUTJISIII MATEMAaTHYHUX MOJICIICH HE PO3IIISITaINCA.

Metonuka pocmipkeHHs [/] BpaxoBye JeTEpMIHOBaHI Ta CTOXAaCTHUYHI
OCOOJIMBOCTI OKPEMHUX CTaIiil MPOIECY TOXKEXKi, SKUH TPEICTaBICHUN y BUTIISAII
TIOCJTITOBHOCT] SIBMII, XapaKTEPUCTHUK Ta KIiHIIEBOrO pe3yibraty. [Ipm BU3HAUEHHI
y3arajJbHeHOI METOOJIOTI] TOCIIKSHHS ISl JOCATHEHHS TIOCTaBJICHOI METH, TOOTO
OILIIHKU CHUTYyaIlii B MailOyTHbOMY, aBTOP BHXOJAMB 13 MOCHJIAHHS, 110 OUIBII-MEHIII
JeTaJIbHE MaTeMaTUYHE MOJICITIOBAaHHS Ha 0a3li MaTeMaTHMYHUX PIBHSHb MEPEHOCY 3
ypaxyBaHHSIM HEMepe0adeHOCTI KOHKPETHHX METEOYMOB, XapaKTEPUCTHK TOKEKi
Jla€ pe3ynbTaT, KUK Oyne Tak camo IMOBIPHHM, SIK 1 pe3ysbTar, OJCp>KaHUU 3
BUKOPUCTaHHSAM OUTbIN crpomeHux MeToAiB. OpHak Mpu 3acTOCYBaHHI JIaHOTO
MaTEMaTUYHOTO amapaTry He BPaxXOBYIOTHCS MEPEABICHUKU IOXKEXK JIICOBUX MACHBIB
B3arajii 1 po3TalioBaHUX B 30H1 PaJI0aKTUBHOTO 3a0pYy/THEHHS 30KpemMa.

Inest pobotr [8] mossirae B po3po0JIeHHI METOAMKH IIPOIHO3YBAaHHS PU3HKIB Ta
3ano0iraHHs BUHUKHEHHIO MOXEXK Ha TePUTOPii JiCOBOr0 (DOHY 30HHM BIAUYKEHHS 3
ypaxyBaHHSIM CBITOBOro JocBinmy. PobOora cmpsMoBaHa Ha momnepemkKeHHS
BUHUKHEHHS JICOBUX TMOXKEX, 3a0€3MeUeHHs] MOXIIUBOCTI 1X TaciHHS Ha MOYAaTKOBIN
CTajii pO3BUTKY, a TAKOXK 3MEHIIICHHS KUTBKOCTI JIICOBUX TOXKEXK Ta 30MTKIB BiJ HHX.
CyTTeBHM HEOIIKOM JIaHOT pOOOTH € BIACYTHICTh MATEMATUYHOTO amapary, sSIKuid Ou
OMHMCYBaB B3a€MOIIOB’ I3aHICTh (DI3UYHUX MPOIIECIB, SKi BUHUKAIOTh HAMEPEI0HI Ta
Ha ntouatkoBiii craaii HC, moB’a3aH01 3 MOXKEKETO.

VY [9] HaBeaeHO METOMONONIYHUI MIAXIA 0 OLIHKA BHKHIIB PAaIIOHYKIIAIB 13
JpKepena BOTHIO. 3ampONOHOBAaHMN MIAXiM JO3BOJIMB BHKOPHUCTOBYBATH E€MITIPUYHI
TaHl JUIS MOPIYHOTO €(EKTHBHOTO PO3PAaXyHKY 03U JJIsS ITOXKEKHUX Ta JUIs
MICIICBOTO HAacCeJeHHS Ha BIJICTaHI CcepelHboi JaiabHOCTI. OOHAK y CTaTTi
HAroJIONMIYEThCS TPO HEOOXIMHICTH PO3pOOUTH HAYKOBUX PEKOMEHIAIINA 00
MiABUIIEHHS €(QEeKTHBHOCTI 3amo0iraHHs CTUXIMHUX TOXEX Ha TEPUTOPIX,
3a0pyIHEHUX PaTiOHYKITIIaMH Ta Ha BIACYTHICTh HAYKOBO OOTPYHTOBAHUX MOJCIICH
BUHUKHEHHS TIOKEX1 Ha 3a0pyAHEHUX PAMIOHYKIIAAMHU TEPUTOPIAX (0COOIHUBO IS
TEPUTOPIN MOONM3Yy BETUKHX MICT 3 OUIBII-MEHIN HHU3BKHUM pIBHEM MIUTHBHOCTI
3a0pyaHEHHs), MO0 Oe3yMOBHO IMiATBEPKYE AaKTyalbHICTh HAIIOTO HAyKOBOTO
JOCHTIKEHHS.

TakuM 4YMHOM, HEBUPIUIEHOID YAaCTMHOK MpPOOJEMU €  BIICYTHICTb
MaTeMaTU4YHOrO amnapaty, o onucye mnpouec 3anodiranas HC, noB’si3aHux 3
MoKeKaMu pajll0akKTUBHO-3a0pyIHEHUX JIICOBUX MAacHUBIB.



3. MeTa Ta 3aBAaHHSA JOCJIIIKEHHSA

Mertoro po6oTH € po3poOKka MaTeMaTUYHOI MOJIEJIl 3aM00IraHHsT HaA3BUYaHUM
CUTYyalllsIM, BUKIMKAHUX TOKEKAaMH JIICOBUX MAacCHUBIB, MIAAAaHUX PaJlOAKTUBHOMY
3a0pyAHEHHIO.

JlocsiITHEHHS OCTaBJICHOT METH TTOTPeOy€e BUPIIICHHS HACTYITHUX 3aBJaHb:

— TEOPETUYHO  OOIPYHTYBAaTH  MaTeMaTUYHy  MOJEIb  3amo0iraHHs
HaJ[3BUYAWHUM CHUTYallisIM, BUKJIMKAHUX IMOXEXAMHU B PaJl0aKTUBHO-3a0pyIHEHUX
JIICOBUX MacHUBax,

— TEPEeBIPUTH TMpale3JaTHICTh 3alpOINOHOBAaHOT MaTeMaTH4YHOI MOJAeNl 3a
JIOTIOMOT0I0 JTA00PaTOPHOT YCTAaHOBKH.

4. TeopeTnuHe OOIPYHTYBaHHS MATEMATH4YHOI Mojesi 3amo0iraHHs
HAI3BUYAWHUM CHUTYyallisiM

l'onoBHa ixess 3anoOiranHs HC, BHKIMKAaHHX MOXKEXEH pPaJl0aKTUBHO-
3a0pyIHEHOTO JIICOBOTO MACHUBY, MOJSTAE B TOMY, 1100 CBOEYACHO BUSBUTH JHKEPEJIO
3aropsiHHS IUIIXOM BUSIBJICHHS pasianidHux npoBicHUKIB [10]. 3 miei Touku 30py
MaTeMaTUYHA MOJIEIIb, 1110 OMHUCYE MPOLECH, K1 MPU IbOMY BiOYyBalOThCs, OBUHHA
3a0€3MeUnTH PO3PaxXyHOK €(EKTUBHOCTI MOIIYKY 3 BHKOPUCTAHHAM O€3MUIOTHHUX
JMTaNbHUX amnapaTiB, OCHALIEHUX BIAMOBIIHOIO amapaTyporo. OJHUM 3 KpUTEpIiB
OIIHKM €(peKTUBHOCTI MOITYKY € HMOBIPHICTh BUSBJIICHHS 00'€EKTa MOIIYKY.

VIMOBipHiCTb BUSBIICHHS BU3HAYAETHCS CIIiBBITHOMIEHHAM, @ CaMe:

Pi(t,t+ At)/(0,t)} =1— At j A(X, D)u(x, t)dx + o(At), (1)

ne A(X,1) — QyHKIis, sKa BH3HAYAETHCA CTpPATEri€l0 MOWIYKY 1 € HMOBIpHICTIO
BUSIBJICHHS LI B inTepBaii yacy (t,t+ At)3a ymMoBM, 10 1iIb 3HAXOAUTHCS B TOYLI i
He BusABIeHAa 10 MomeHTyl; U(X,t)— mineHicTs posmominy mimi (W(UIBHICTH
aroCTEPIOPHOT0 PO3MOJITY TOJIOKEHHS IIUTl), KOJIM BOHA 3aJieKUTh BT Yacy;
P{(t, t+At)/(0, t)}— HMOBIPHICTH BHSIBIIEHHS I[Li, [0 3HAXOMMUTHCS B Majiil OKOJIMII
AX,slka MicTHTB TOYKY X, i He BusBiena nporsrom yacy (0,t); Q- obmacts

JIEKapTOBOTO MPOCTOPY, B SIKOMY MPOBOJUTHCA TMOIIYK HEPYXOMil I — JKepesna
3aropstHHS JIICOBOTO MACHUBY.

[lepmia modaTkOoBa yMOBa BpPaxoOBye, MI0 TONIYK 3IMCHIOETBCS B
JTBOXKOOpAUHATHIN cucTemi. st oOmiky Ipyroi mo4aTkoBOi yMOBH, IO TOJSTAE B
TOMY, IO JDKEPENIO 3aropsHHS HEPYXOME 1 PO3BUBAETHCA, 30UTBIITYIOYHM CBOi
T€OMETPUYHI pO3Mipu 1 3MiHIOOYM (I3UYHI XapaKTePUCTHUKH, IO BIUIMBAIOTH HA
HOTO BUSBIICHHS, BUKOPUCTOBYEMO (hopmyiy (2), orpumany 3 (1), To6To:

P(T) =1- [u(x)exp —}k(x,r)dr dx, @)



ne T —3ananuii yac monryky abo pillieHHs MOIIYKOBOI 3a/adi.
.

BBoJSYM MO3HAYEHHS MOIIYKOBOTO 3ycwiuis y Burisami @(X,T) =J.7L(X,T)dT,
0

BUKOHYEMO TPETIO MOYATKOBY YMOBY, BPaXOBYIOUHM, IO NOLIYKOBE YCTATKYBAaHHS
HEJOCKOHAJIE 1 BUMAarae 3ajJly4eHHs Xoda O OJHY JIIOJMHY-OIEpaTopa IMOIIYKOBOI
CUCTEMU:

P(T) =1— [ u(x)exp(—o(x, T))dx. @3)

ITomrykoBe 3ycusuisg 0OUNCIIOEThCS 13

1 L(t)
o1 = 261

(4)

min[t,gl[z
2t

= max| 0, 4% [L(xyde -x? | |
2a T o9

t
ne 9(t) = I L(t)dt, yepes dynxiiro 3aransHoro Burmsany L(t)3a ymoBH, mo 0<l<w,i
0

t
icHye inTerpan IL(T)dT 1714 BCix t>0, IpU oMY
0

()

0 JI03BOJISIE BpaxyBaTH 4YETBEpPTE 1 M'ATe MOYATKOBI YMOBHM 3a/adi: MOIIYK
3MIMCHIOETBCS  KOMIUIEKCHOT (1[0 CKJIAMA€ThCS 3 AaBTOHOMHHUX OE3MIJIOTHUX
aBiallifHUX HOCIiB) MONIYKOBOIO CUCTEMOIO, TOJIOBHA BIACTHBICTh AKOI — /i1 OKPEMHX
MOIIYKOBUX OJIMHUIIHL MOYKHA TIPEJICTABIIATH 32 JOMOMOTOI0 OMHi€T 1 Tiel x GyHKITIT,
KA BU3HAYAETHCS SIK CTpATErii MOIIyKy, 1 BUOIP ONTHUMAIBHOI CTpaTerii MomyKy
BU3HAYAETHCSA YACOM PIillIEHHS MONTYKOBOI 3a/1a4i.

Haxnanarouu mepini Bl TPaHMYHUX YMOBH 3ajladl CBOEYACHOTO BHSIBJICHHS
JDKepena  3aropsiHHS B PaJiOaKTUBHO-3a0pyJHEHOMY JIICOBOMY MacuBi 3
BUKOPUCTAaHHSAM O€3MUIOTHUX JIITAJIBHUX amapaTiB 1 BHUKOHABIIM TOCIIJOBHI
MEPETBOPEHHS, OTPUMAEMO:

1 _(X_XI)2
(P(X’t) - ZGJE eXp 2 ' (6)

20,



ne X—X, — TMpOTSKHICTh (paalyc) padloakTUBHOI aHOMaiii; O©— JalbHICTbH

peecTparii pagioaKTUBHOI aHOMaJIil OCHOBHUM KaHAJOM BHSBJIEHHS; O; — JAJbHICTb
peecTpallii pagioaKTUBHOT aHOMAaJI1i JOAATKOBUM KaHAJIOM BUSIBJICHHS.

Llewn Bupa3 n03BossI€ BpaxyBaTy, LIO:

1) uvac BupilleHHS 3ajadi MOIIYKY JDKEpena 3aropsiHHS OOMEKEHO YacoM
nepeOyBaHHs JIITAIbHUX alapaTiB B MOBITPI;

2) BHUCOTA 1 MBUAKICTH MOJBOTY JITAIFHUX alapariB MOBUHHA 3a0€31eYyBaTh
MaKCUMaJlbHy AAJIbHICTh BUSIBJIEHHS 00'€KTa MOIIYKY 1 HAaWOUIBbIIY IIMPUHY CMYTHU
neperisay y310BX MapuIpyTy HOJIbOTY;

3) HEOOXIAHICTH JOJATKOBOTO KaHally BHSBICHHS Ui igeHTHIKALii
BUSIBJICHOT pajialiiHOl aHOMajii sIK pajlaliifHOi O3HAKM 3aropsHHs paiialliiiHo-
3a0pyAHEHOTO JICOBOT'O MAacHUBY.

Heob6ximHO Tako»X BpaxoBYBaTH, IO KOXEH OE3MUIOTHHUH JiTalbHUN amapar
i1 Yac BUPILMIEHHS 3aBJIaHHS TMOIIYKY JKepesia 3aropsiHHs Oyze 311MCHIOBaTH TOJIIT
B paiioHi momyky(). YV BIIMOBIAHOCTI 31 CBOIMM TAaKTHYHHUMHU Ta TEXHIYHUMU
XapaKTepUCTUKAMU BiH Oyje nepeOyBaTu B MOBITpi yac T , SKUi MOYKE CTAHOBHUTH HE
outbme 80-90 % Bim MakcHMMallbHOI TPUBAJIOCTI HMOTO MONBOTY Ha KpercepchbKii
IIBUKOCT1 HA TIONIYKOBOT BUCOTI, 110 3a0€3MeUyI0Th HAHO1IbIIE MONTYKOBE 3yCHILIS
o(x,T). Ilpu ipomy 3a0e3nedyeThCsl BUSIBICHHS JKepesa 3aropsHHs (paaioaKTUBHOI

aHoMmaJyii) Ha JWCTaHIli o OCHOBHHMM KaHaJlOM BHUSIBJICHHS 1 Ha JalbHOCTI o,
J0JIATKOBUM KaHAJIOM BHSIBJICHHS. Y JJaHUX YMOBaX Ma€eMO 3aJIC)KHOCTI:

o=f(V,H) i o, =f;(V,H). (7)
VY3araipHIOIOUM BCE  BHUINEBHKJIAJEHE, OTPUMAEMO CHUCTEMY 3 TPBhOX
3QICKHOCTEH, sKa € IIykaHoi MaTeMaTuyHoi wmojaewno 3amobiranus HC,

BUKJIMKAHUM TIO’KEKaMH PaJIlOaKTUBHUX JIICOBUX MACHUBIB MPH 33IaHUX TOYATKOBUX
1 TPAaHUYHHUX YMOBax

P(T) =1 [u(x)exp(—o(x, T))dx,

N

_ _(X_X|)2
P o A 20 ) ®

c=f(V,H), o, =f,(V,H).

\

«Crens» abo MakcHMManbHa BHCOTAa, Ha SIKy MOJXKE IIIHIMATHCS JNTAJIbHI
amapatd TUITYy Ja0OpaTOPHOI yCTaHOBKH, 10 MpomnoHyeThes — 15200 M. MinimansHa
BHCOTA MOJILOTY, Ha SIKIM JIITAJIbHUI anapaT CTIKO TPUMAETHCA B MOBITP1 1 BUKOHYE
3aBJaHHSA TMOIIYKYy Ha HaJMalUX BHUCOTaX, JopiBHIOe 15 wm. IlomykoBa a6o



Kpelicepchbka BUCOTA IMOJIbOTY, SIK MIPABUIJIO, BU3HAYAETHCS XapaKTEPOM BUPIITYBaHUX
3aB/1aHb.

HIBUAKICT MONBOTY JITAJIBHUX amnapaTiB TUIY JIa0OpaTOPHOI YCTAHOBKH:
MakcuManbHa — 900 km/Toa, MiHIManbHA — 12 KM/TOS.

MakcuManbHuil yac nepeOyBanHs B moBiTpi 10 14,5 roaun. HaitGinpmmii yac
OapakxyBaHHS Ha BEJIMKMX BUCOTax 0€3 ypaxXyBaHHs JIITAJbHOTO Yacy 1 MOBEPHEHHS —
Bix 10 1o 12 rogun. HallGuipmmii yac momryky Ha MaJiuX BUCOTaX — Bia 8 10 9 roauH.

Takum uywmHOM, MaTemMaTHuyHa Mojenb 3anobdiranHa HC, BuKIMKaHUM
MOXKEeKaMU PaJI0AKTUBHUX JIICOBUX MAcCHUBIB, SBJSE€ COOOIO CHUCTEMY 3 TPbhOX
aHAMTUYHUX 3anexHocTed. [lepmia 3 HUX [103BOJsiE OOYUCITIOBATH WMOBIPHICTH
BUSIBJICHHS PaJl0aKTUBHOTO TEPEIBICHUKA IMOXKEXK1 JICOBOTO MAaCHBY B 3aJI€KHOCTI
Bl TEOMETPUYHUX PO3MIPIB KOHTPOJIHOBAHOIO pallOHy JCy, 4Yacy MOUIYKYy 1
NOLIYKOBUX 3yCHJIb, IO NPUKIAJAIOTHCS 1 BU3HAYAIOTHCA CTPATETIIMU TOUIYKY.
Hpyra n03BoJiss€ po3paxyBaTH 3HAYEHHS TMOLIYKOBUX 3yCWiIb (IMOIIYKOBOIi
IPOJYKTUBHOCTI) B 3aJIEKHOCTI B/l TEOMETPUYHUX PO3MIPIB PaAi0aKTUBHOT aHOMAT11
1 JajmbHOCTEH ii BUSABIICHHS OCHOBHUM 1 JIOJAATKOBUM KaHaidamMu. TpeTs BU3HA4yae
JANbHOCTI BUSIBICHHS Pa/IloaKTUBHOT aHOMaUTIi B 3aJI€KHOCTI BiJl IIBUJIKOCTI 1 BUCOTHU
NOJILOTY OE3MUIOTHUX JITANIBHUX anaparis.

5. IlepeBipka npaue3aaTHOCTI 3aNIPONOHOBAHOI MATEMATHYHOI MojIeJTi

JUIs ~ eKCIepUMEHTAIbHOT ~ TMEpeBIPKH  IMpare3aaTHOCTI  3alpolOHOBAHO1
MaTeMaTHdHoi Mojeni 3amobiranHs HC, BHKIMKaHUM TOXKEKAMH PagiOaKTHBHHX
JICOBUX MAacHUBIB pO3pO0JICHO JabopaTopHy YCTaHOBKY, METOAWKY 1 eTamu
NPOBEICHHS BiIMTOBIAHIX €KCIIEPUMEHTIB Ha Hill.

Jlo ckmamy po3poOieHoi JabopaTOpHOi yCTAaHOBKM BXOMASTH: OOPTOBHIA
koHTposnep DIJI A2; wommnext Hairamii (GNSS (GPSHIJIOHACC+ Tamineo);
neurynn AXI 2814/22 (Yexis); rBuntu APC 14 (xapOoH); KOHTpOJEpH ABUTYHIB
60A ESC OEM; GoproBa kamepa; Bimeo nepenaBad S5.8MI11 600MB; TppoxochoBOi
MarHiTOMETp; TPHOXOCHOBUH  TIpOCKOTI, TPHOXOCHOBUH  aKCEJICPOMETD;
yIabTpa3BykoBuil matuuk (Bucotomip); pama OKTO TOP Series (kapOoHn);
CJIEKTpOHHA cucTeMa cralimizamii; cucteMa ynpasmiHs Futaba 141 akymynstop
16A 6S Tattoo. 3oBHIimHINA BHUTJISAA J1a0OPAaTOPHOI YCTAHOBKU TMPEACTABICHUN Ha
puc. 1.



Puc. 1 — 30BHIiMHIN BUTIIA 1a00PaTOPHOT YCTAHOBKH MEPEBIPKH aJICKBATHOCTI
MareMaTudHoi Mojeni 3amoOirandas HC, BUKIMKaHUM TOXKEKaMU pai0aKTUBHHX
JIICOBUX MAaCHBIB

MeToauka TPOBEACHHS EKCIICPUMEHTIB 3 BHKOPUCTAHHSAM JaboOpaTopHOT
YCTaHOBKH Tependavana HACTYITHHHA MOPSIOK M.

1. BuzHaueHHs] TOJILOTHOTO 3aBJaHHS — 3aBIaHHS BHCOTH 1 MapuipyTy
MOJILOTY, SIKMH MOXKE€ BHUKOHYBATHUCS, SIK B aBTOHOMHOMY peXHMi (pexumi
aBTOILJIOTA), TaK 1 B KEPOBAHOMY BIJATIOBITHUMH KOMaH/IaMH OTlepaTopa.

2. [ToniT nabopaTopHOi YCTAHOBKH 1 TOCTITOBHE OOCTEKEHHS PI3HUX JUISTHOK
JICOBOTO MAaCHUBY, MIAaHOTO PaI0aKTUBHOMY 3a0pY/IHEHHIO.

3. O0poOka OTpUMaHUX pE3yJbTaTIB paialliiHUX BUMIPIOBaHb, OTPUMAHHUX
i 9ac 0OCTEKEHHS JIICOBUX MAaCHUBIB.

["010BHOIO YMOBOIO peecTpallii KOPUCHOTO CUTHATY Ha PUAMAIbHUN TIPUCTPIN €
BUKOHAHHS CIIBBIAHOIICHHS, B SIKOMY IHTEHCHBHICTh KOPHUCHOTO CHUTHAIY B O pa3iB
MIEPEBUIILY€ IHTEHCUBHICTH TIEPEIIKOIH, IO BIUIMBAE HA BXiJl IILOTO K pUiiMaya, TOOTO

. >0l

¢ =0ly, 9)
e 0 — Koe(IIiEHT po3Mi3HaBaHHSA MPUHAMAILHOTO TPUCTPOIO, SIKUH BU3HAYAETHCS K
MiHIMaJIbHE BITHOIIEHHS IHTEHCUBHOCTEW CUTHAIY 1 MEPEIIKOIH Ha BXO/I1, IO JTO3BOJISIE
peECTPYBATH KOPUCHUI CHTHAI 13 3aJaHUMH MMOBIPHOCTSIMH TIPABHJILHOTO BUSBICHHS 1
IIOMUJIKOBO1 TPUBOTHU.

OCKUTBKH KYT OTJISITy OOPTOBUX TMOITYKOBUX CUCTEM JTAOOPATOPHOT YCTAHOBKHU
nopisaioe 90° (45° niBoro 1 MpaBoro OOPTY BIAIOBIIHO), TO CMyTra 00CTEeXKEHHS, Oy e
nopiBaroBatu 0,7-//, a mpu TapaHTOBAaHOMY BHSBICHHI Koe(dimieHT (MMOBIPHICTH)
KoHTakTy ckiagae 0,8-0,9 3a paxyHOK JOCHTH BHCOKOI MIBHAKOCTI PYXY
nabopaTopHoi yctaHOBKH. ToMy mis imeHTH(iKaIii aHoMmairii, ik 00'€eKTa MOIIYyKY,
HeoOXigHO meBHWN dac (puc. 2). Y 1mpomy Bumanky koedirieHT (AMOBIPHICTH)
nponycky o0'exta momyky Oyzae gopiBHioe 0,1-0,2 1 mmpuHa cMyru OOCTEXKEHHS 3



onHoro 6opty cknane 0,5:/]. BinnosinHo, 3arajibHa HIUPUHA CMYTH 00CTEKEHHS Oyie
JOPIBHIOBATH HAMOUIBIIINA TaTbHOCT1 BUSIBIICHHS.
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Puc. 2. — Cxema, sika nosicHI0€ (pOpMyBaHHS ITUPUHA CMYTH OOCTEKEHHS

JIoOyTOK MIMPUHU CMYTH OOCTEKEHHSI Ha IMIBHIKICTH MOJBOTY C BU3HAYATUME
MOIIYKOBY MPOAYKTUBHICTH (TUIONIA, IO MEpPeryisiiacTbcs B OAMHUINO yacy) abo
MOIIYKOBE 3YCHJUIS.

Busnauenna 3acanvnozo wuwacy nowilyky i uoeo Ouckpemu3ayii. 3Haw4u
MOITYKOBE 3YCHJIISL OJHi€l J1abopaTOpHOi YCTaHOBKM Ta 1IX 3arajbHE 4YHCIIO,
OTPUMAEMO TOITYKOBE 3yCHIUIS U BCIi€T MONTYKOBOI CHCTEMH.

PesynpTaT mAinieHHS TUIONII KOHTPOJBOBAHOTO paiioHy €2 Ha BETUYHHY
MOITYKOBOTO 3yCHJUIS TTONIYKOBOI CUCTEMH HAJIacTh Yac, HEOOX1ITHUN HAa OJTHOPA30Be
oOcrexeHHs JicoBoro macuBy 71. Lleit wac moxxke OyTH SIK MEHIIUN MPOMIKKY Yacy
t — MakcUMaNbHOTO 4Yacy mepeOyBaHHS J1a0OpaTOPHOI YCTAaHOBKHM B TIOBITPi, TaK 1
OTBIIMK [HOTO 3HAYEHHS. Y TEpIIOMY BHUIIAJKy BeCh KOHTPOJILOBAHUUN pailoH

MPOTJISIIAETECA TPU  OJHOPA30BOMY OOCTEKEHHi, a B JAPYroMy — TUIBKH TIpH
JIBOpa30BOMY ab0 GaratopazoBOMy OOCTEKEHHI KOHTPOJIBOBAHOTO JIICOBOTO MacHUBY.
Sxmo T — wac BUpINIEHHS TMONIYKOBOI 3a7adi, TO BiH, SK MPaBUIIO,

BH3HAYAETHCS TPHUBATICTIO TIOKEKOHEOE3NMEYHOTO TEepioAy 1 3aTBEPIKYETHCS
KepiBHUNTBOM. Bimnomenns T g0 771 [03BOJIA€ BU3HAYHWTH JUCKPETHICTH
00CTeXEHHSI KOHTPOJILOBAHOTO JIICOBOTO MacuBy. [Ipu momyky Ha Maiux BHCOTaX,
KOJTM HEOOXITHO 3a0e3MeUuTH HAWOUIBIIY IIUPHUHY TMEperiisiay HEe ONTUYHUMU
kaHanmamu, BoHa ckmanae Bim 30 go 300 M. V pasi BupilmieHHS 3aBAaHb BHHOCHOTO
MyHKTY peTpaHcisnii ad0 MaHOPaMHOIO CIOCTEPEXKEHHS BHUCOTa OapakyBaHHS
nopiBHIOE 15 kM. BapakyBaHHS Ha BEJIMKHX BHUCOTaX 3AIMCHIOETHCS 31 HIBUIKICTIO
150-200 m/rox. ITlomiT Ha MaJMX BUCOTax MPHU MPOBEACHHI PO3BiMyBaJbHUX a00



MOIIYKOBUX PITYBAIBHUX Olepaliil B 1HTepecax 3a0e3leueHHs HaWOuIbIIOoT
MOIIYKOBOI POJYKTUBHOCTI BUKOHYEThHCS HAa MBUAKOCTAX 10 200-300 km/ro.

Opeanizayis nowyky odxcepena 3azopauHs. Pe3ynbTaTd pailOHyBaHHA 3a
NpiopUTETaMU 1 JAUCKPETHICTH OOCTEXKEHHS KOHTPOJIBOBAHOTO JIICOBOTO MAacHUBY €
OCHOBOIO OpraHizailii MOLIYKYy JKEpesia 3aropsHHs. Y HalloMy BHUIAJKY MOXYTh
OyTH TpW BaplaHTU MONIYKY, a came: IUIAaHOBHM MOIIYyK, ONEpPaTUBHUM MOIIYK 1
MOIIYK 32 BUKIIUKOM.

HaTtypHi ekcriepuMeHTH, BHMKOHAHI 3 BHUKOPUCTAaHHSAM J1abDOpaTOPHOL
YCTaHOBKH, MPOBOJIUIIUCS 110 OJHOMY 1 TOMY K CLIEHApil0, BU3HAYEHOMY METOAUKOIO
MPOBEJICHHS €KCIIEPUMEHTIB.

Cnouatky (opMyBasiocss MOJILOTHE 3aBAaHHSA. BuxinHi aHi BU3HAYaNIHCS 3
BHUCOTHU TONBOTY JabopaTopHoi yctaHoBKH 50-100 m 31 mBuakictio 30-60 xkm/roa.
[lonmiT 3amaBaBcs MpOrpamoro, sika BCTAHOBIIOETHCS B aBTOMUIOTI J1TAOOpAaTOPHOT
YCTaHOBKH, TpuBaiicTio Big 40 10 80 XBUIMH.

[ToTriMm nabGoparopHa ycTaHOBKa mMifHIManacs B HEOO 1 MOYMHAiIA TOJIT, K
NOKa3aHo Ha puc. 3.
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jetScreenshiot

Puc. 3. — Po6ora 3anmponoHoBaHoi 1ab0paTopHOi YCTAaHOBKU

Pesynprat  pamiamiiiHoi  3MOMKM ~ MICHEBOCTI IO  CHCTEMi  3B'SI3KY
tpancmoBanucs B [IK, sxuii mepeOyBaB 3 MyJdbTOM YIOPaBIiHHSA TOJHOTOM
nabopaTopHOi YCTaHOBKH, 1 (ikcyBamucs B OoproBomMy wmonaymi mam'sti. [licms
3aKiHYEHHS TOJBOTY JIaH1 paaianiiHoi 3MOMKH MicIieBocTi 00pobsuics (puc. 4).



Hinguka "Pymmit mic"
Buagineni anomadii 10kaJI0HOT CKJIaI0BO1 ieTerpajibHOr0 KaHAJIY

meerrrad 1:10 000

[HTEeHCHBHICTD €KBIBAJIEHTHOI JO3M, MK3B/C

Puc. 4. — Cxema monboTiB J1abopaTtopHoi ycTaHoBKH Han «Pymum Jlicom»
YopHOOMIBCHKOT 30HU BIIUY>KEHHS

Busnauenns timogipHocmi 6usaeieHHA 0dicepena 3a2opsAHHA TPOBOAUIIOCS B
TaKOMY MOPSAIKY:

1) po3paxoByBanach MONIYKOBA MPOIYKTUBHICTH Ja0OPATOPHOI YCTAHOBKHU SIK
100yTOK TabHOCTI BUSIBJIICHHS PaialliiHOTO TIEpEeIBICHUKA 3arOpsiHHS Ha MIBUAKICTD
11 IONBOTY;

2) 0o0YHCIIOBANIOCH 3yCHJUISI TOIIYKOBOi CHCTEMH SIK BIIHOIICHHS TOOYTKY
MOIITYKOBOI MPOTYKTUBHOCTI Ha Yac 00CTEXKEHHS palloHy MONIYKY 10 TOOYTKY TUIONTI
paiioHy Ha KUTbKICTh TOJUH Y A001;

3) po3paxoByBallach WMOBIPHICTh BUSBIJICHHS JKEpelia 3aropsHHS B pPaioHi
MOIIYKY SIK PI3HUISI OJMHUII 1 €KCIIOHEHTH B HETAaTUBHOMY CTYIICHI, SIKHH YUCEIBHO
PIBHUI 3yCHUIUTIO TIOIIYKOBO1 CHCTEMU;



4) BuU3HAuajacsg WMOBIPHICTh BHSBICHHS JDKEpeja 3aropsHHS Yy BChOMY
KOHTPOJIbOBAHOMY MAaCHBI MPOTITOM J0OU SIK CyMa WMOBIPHOCTEH HE3aICKHUX
MOJI — BUSIBJIEHb JIKEPEJ 3aropsiHHSA B YCIX paiiOHax, M0 CKJIAIIOTh BECh JIICOBUN
MacCHB,;

5) Bu3HaAYajacs WMOBIPHICTh BHSABJICHHS JKepeja 3arOpsHHS MPOTATOM 4acy
BUPIIIICHHS 3aBJaHHS TMOIIYKY, HAMPUKIA, MPOTATOM BChOTO MOKEKOHEOEIMEUHOTO
nepiony, K cyma WMOBIPHOCTEH BUSIBJICHHS JXKEpEN 3aropsHHs 3a yci 100H, I Yac
SKUX 3/11IHCHIOBABCSA KOHTPOJb JICOBOTO MACHUBY.

BianoBigHO 10 OTpUMaHMX EKCHEPUMEHTAIbHUX JaHUX WMOBIPHICTh
BUSIBJIGHHS JDKEpesia 3aropstHHs npotsarom mnepmoi noou ckiaae 0,1069. Ilpu
nyomoBaHHl Tpadika Ha 6-10 100y oTpumaeMo, 10 WMOBIPHICTh BHSBIICHHS
JoKepesta 3aropssHHs npotsaroM 10 mi6 BupieHHs 3aBIaHHs MOMIyKy ckiajae 0,47,

Takum dYMHOM, pe3yJbTaTH HATYpPHUX EKCIIEPUMEHTIB, BUKOHAaHUX 3
BUKOPUCTAHHSIM JIaOOPATOPHOI YCTAaHOBKH, a caMme MojaboTh Haj «Pymum Jlicom» B
YopHOOUIIBCHKIM 30H1 BITUYXKEHHS, HE cymnepeudarb Te3aM, CPOpPMYJIbOBAaHUM B
MareMaTuuHiii mojeni 3anoOiranHs HC, BUKIMKaHUX MMOXEXaMU PaJTI0aKTUBHUX
JICOBUX MACHBIB, IO MIATBEPKYE i1 Mpare31aTHICTh Ta Mpane3aaTHICTh METOIUKU
IPOBEJCHHS EKCIEPUMEHTIB 3 BUKOPUCTAHHSIM PO3BIIYBAIBHUX OE3MUIOTHUX
JTAJIbHUX anaparis.

6. O0roBopeHHs pe3yJbTaTiB NepeBipKHM NMpamne3IaTHOCTI 3alPONOHOBAHOI
MaTeMaTHYHOI MOJeJTi

[Ipu pospobii maremarnunoi wmozeni 3amobiranHs HC, BHKIUKaHUX
NOXKeXaMU  PaJl0aKTUBHO-3a0pyAHEHUX  JIICOBUX  MACHBIB  KOMILIEKCHO
BUKOPUCTOBYBAJIMCS METOJM MATEMAaTUYHOTO, (PYHKI[IOHAIBHOTO 1 CHCTEMHOTO
aHajizy, Teopii TepMOAMHAMIKH, TOCTIIHKEHHS OIepallii, 1 OMIHKA e(PeKTUBHOCTI
MaTeMaTHYHOTO  MOJCITIOBAaHHS, JOCTOBIPHOCTI OTPUMaHHUX pPE3yJbTaTiB  Ta
BHCHOBKIB — T€Opis WMOBIPHOCTEH 1 MaTeMaTH4YHA CTAaTUCTHUKA, METOIM TUIAHYBaHHS
HAayKOBHX €KCIIEPUMEHTIB 1 00p0oOKa iX pe3ysIbTaTiB.

Jlani, oTpuMaHi 3a JOMOMOIOI0 pamiamiiiHol 3WoMKH MiciieBOCTi (puc. 4)
J03BOJIMIM, TI0O PO3TallyBaHHIO aHOMAaJbHUX KOHTPACTIB, BU3HAYUTU MICIIE
pO3TalllyBaHHs TYPTiB, B AKX OyJIM MMOXOBaHI pPai0aKTUBHI BIAXOAM TICIIS JTIKBigaIii
YopHoOunbscekoi aBapii. Ha mipomy micii OyB mocamKeHuid Jiic, SSKUid BXKE BUPIC 1
CTaB «pyauM». Tak BCTAaHOBJIEHO, IO OCOOJMBO HAa PAaHHIX CTadigX 3aropsHHA,
npamoe chepuuHuil 3akoH ((PpOHT XBHWIII PO3MIMPIOETHCS SIK CTIHKH IWJTIHIpA, 1
IHTEHCHBHICTh BUIIPOMIHIOBAHHS 3MCHIIIYETHCS MPOIOPITiHO BincTaHi). lle o3Hadgae,
0 BHACHIIJIOK pENaKCaIlifHUX TpPOIeciB, IO BigOyBaloThCca B aTmocdepi,
BiIOYBAETHCS 3aracaHHs BUIMPOMIHIOBAHHS HA BEJIMYMHY, KOHKPETHE 3HAYCHHS SIKOi
3aJIeKUTH BiJl YaCTOTU BUMPOMIHIOBAHHS 1 JesSKUX (DI3MUHUX TTapaMeTpiB MPU3EMHHUX
mapiB atMocepu. [HTEHCUBHICTh CHUTHATY BHUIIPOMIHIOBAHHS, IIO MOIIMPIOETHCS,
30UTBIIIYETHCS HA BEJIMUMHY, SIKA BU3HAYAETHCS COPSIMOBAHUM Ji€r0 jxepena. Komnu
BUMPOMIHIOBaHHSI OyJe NOIIMpIOBaTHCS B TMiBcepl, KOeDIIEHT KOHIEHTpaIii
JoKepena Oyae TOpiBHIOE 2. AHAJIOTTYHUM YHHOM 3MEHIIYEThCS BIUIMB MEPEITKOIH 3a
PaxyHOK CIHpSIMOBaHUX 1A JIE€TEKTOpa, SKUH BHU3HAYAETHCS KOE(QILIEHTOM HOTO
KOHIIeHTpaIlli. be3yMOBHO, 110 aHAJOTIYHUM YHWHOM Oyje BHUSABJISATUCS pajaialliifHa



aHoMallii HaJ JICOBUM MAaCHBOM — TMPOBICHUK 3aropsiHHA, SK pe3yJbTar
KOHBEKTHUBHOTO MIAHOMY PaJl0OaKTUBHUX MPOIYKTIB TOPIHHS.

[Ipouec 3amobGiranas HC, BUKIMKaHMX TOXEXaMU B PaJl0OaKTUBHO-
3a0pyAHEHUX JiCax, 3 BUKOPUCTAHHSIM PO3BIAYBAIBHUX OE3MUIOTHUX JITATIBHUX
anapariB MOJIATAE B MOCI1IOBHOMY BUKOHAHHI IIECTH MPOILEAYP, @ CaMe: BU3HAUEHHS
KOHTPOJILOBAHOTO paiiOHy; OpraHizallisi MOIIyKOBOI CUCTEMH OE3MUIOTHUX JIITAIbHU X
amaparTiB; pPO3paxXyHOK OUIKYBaHUX BiJICTaHEH BUSBICHHS OOPTOBUX MONIYKOBUX
CUCTEM; BU3HAUEHHS 3arajbHOT0 4Yacy MOIIYKY 1 HOro JHUCKpeTH3allis; opraHizaiis
MOIYKY JpKepesa 3aropsiHHS 1 po3paxyHOK HMOBIPHOCT1 HOTO BUSIBJICHHS

7. BUCHOBKH

1. TeopeTuyHO  OOIPYHTOBAHO  MaTeMaTHMYHyY  MOJENb  3aro0iraHHs
HAJ3BUYAHHUM CHUTYyaIlisiM, BUKIMKAaHUM TIOKEKAMHU PaJTI0aKTUBHUX JIICOBUX
MacuBiB. 3ampoIrOHOBaHA MaTeMaTHYHA MOJECIb € CUCTEMOIO 3 TPhOX aHATITUYHHX
s3asiexxkHocTer. Ilepmia 3 HUX 103BOJIsE OOUYMCITIOBATH WMOBIPHICTH BHUSIBICHHS
PaIlOaKTUBHOTO TEepeBICHUKA TIOXKEXK1 JICOBOTO MAaCHBY B 3aJIeKHOCTI Bij
TCOMETPUYHHMX PO3MIpPiB KOHTPOJBOBAHOTO PAOHY JIICY, Yacy MOIIYKY 1 MOITYKOBHX
3yCHITb, IO MPUKIAAAIOTHCS 1 BU3HAYAIOTHCS CTpATerisiMy NomyKy. Jlpyra m103BoJisie
po3paxyBaTH 3HAYCHHS TOMIYKOBUX 3YCWJIb (TIONIYKOBOT TIPOJYKTUBHOCTi) B
3aJIEKHOCT1 Bil TEOMETPUYHUX PO3MIpIB (CMyra oOCTekeHHs, Oyne TOpIBHIOBATU
0,7:/{, a pu rapaHTOBAaHOMY BUSBJICHH1 KOedilli€eHT (MMOBIPHICTh) KOHTAKTY CKJIaJ1a€
0,8-0,9) pamioakTuBHOI aHOMadii 1 JandbHOCTEH Ti BHSABIECHHS OCHOBHHUM 1
JOJIaTKOBUM KaHallaMd. TpeTss BU3HAYa€ JaJIbHOCTI BUSBICHHS Pal0aKTUBHOI
aHoMaJIii B 3aJIeKHOCTI BiJ IIBHUIKOCTI 1 BHCOTH TOJIBOTY OE3MUIOTHUX JIITaJTbHUX
amapaTiB (MakcUMajbHa BHCOTA MiAHOMY JITAJIBHUX amapariB TUITY J1abopaTOpHOI
YCTaHOBKH, 110 TpomnoHyeThcss — 15200 M, MiHIMaabHAa BHCOTa TOJBOTY, Ha SKid
JTITaJTbHUM amapaT CTIMKO TPUMAETHhCS B IMOBITP1 1 BUKOHYE 3aBJIaHHS IOIIYKY Ha
HaJ MaJuX BHUCOTAaX, MOPIBHIOE 15 M; MIBUAKICTH MOJBOTY JITAJIbHUX arapariB TUITY
71a00paTOpHOT YCTAaHOBKHU: MakcuMaibHa — 900 km/roa, MiHiMaiabHa — 12 KM/TO[).

2. [Ipanie3maTHICTh  3aIPOIIOHOBAHOI MaTEMaTUYHOI MOJENl 3amoOiraHHs
HaJ3BUYAWHUM CHUTyalliIM, BHKJIMKAaHUX IIOKEKaMU PaJl0aKTUBHHX JIICOBUX
MacHBIB, IO TMEpEeBIpeHa 3a JOMOMOTOI JTabOPaTOPHOI YCTAHOBKHM 1 METOIUKH
MPOBEJICHHSI EKCIIEPUMEHTIB 3 ii BUKOPUCTAHHSM, SIBISETHCA IOCTOBIpHOK. Tak B
pE3yNbTaTi HATYPHUX EKCIIEPUMEHTIB, BAKOHAHUX 3 BUKOPHUCTAHHIM JIa0OpaTOPHOL
YCTaHOBKM, a came monboTd Haj «Pymum Jlicom» B YoOpHOOWIBCHKIA 30HI
BiTYy>KE€HHS, BCTAHOBIICHO, 110 MONTYKOBa a00 Kpeicepchka BUCOTA MOJBOTY, SIKa K
MPaBWJIO, BU3HAYAETHCS XapaKTEPOM BUPINIYBAaHUX 3aBJaHb, MPU MONIYKY HA MaIUX
BHCOTaX, KOJW HEOOXiAHO 3a0e3MeYnuTH HAWOUIBIY MIIUPUHY TEPEriIsay He
ONTHYHUMHU KaHamamu, ckiangae Bixm 30 mo 300 M; y pa3i BUpIIICHHS 3aBIaHb
BUHOCHOTO TYHKTY peTpaHCisiii abo MaHOpaMHOTO CIOCTEPEKEHHS BHCOTA
OapaxyBaHHSI JOPIBHIOE 15 KM, MpHU [IbOMY 3HAYEHHS IIBHJIKOCTI BCTAHOBIIIOETHCA
150-200 xm/rom; TOJIT HA MaJIMX BUCOTAaX TPH MPOBEICHHI PO3BITyBATHHUX a00
MOITYKOBUX PATYBAJBHUX OMEpalii B 1HTepecax 3a0e3MedeHHs HaHOUIbIIO]
MONIYKOBOI MPOAYKTUBHOCTI BHKOHYEThCS Ha MmBUAKOCTAX 10 200-300 km/rog.
BianoBigHO [0 OTpUMaHUX EKCIEPUMEHTAJIbHUX JaHUX MHMOBIPHICTh BHSBJICHHS



JOKEpesia 3aropsitHHs mpoTsarom mnepmioi godu ckiane 0,1069. Ilpu gyOmroBaHHI
rpadika Ha 6-10 100y oTpuMaemMo, 110 MMOBIPHICTh BUSIBJICHHSI JIKEpelia 3arOPsSHHS
npotsirom 10 110 BupimeHHs 3aBaaHHs mnomyky ckiaae 0,47. Ilpoctexyerbes
SCKpaBO BHUpaX€HA 3aKOHOMIPHICTb, IO B padoHaX paJl0aKTUBHO-3a0pyAHEHOTO
JICOBOTO MAacCHBY, YUM BHILIE paJialiiHuid (QoH pailoHy, THUM OUIbLIE YHUCIO
BUSBIICHUX 3aropsiHb, @ TaK0X KUIBKICTh 3aropsiHb B JIICOBOMY MAacCHBI, BUSHAUYEHUX
eKCIIEpUMEHTAIBLHOI0  JIIHIHHOI perpeci€lo  (BUCOTa TOJBKOTY J1abopaTOpHOL
yctanoBkH 50-100 m 31 mBuakicTio 30-60 KM/Toj, MOJIT 3a1a€ThCsl IPOrPamMoro, sKa
BCTAHOBJIIOETHCA B aBTOIUIOTI JabOpaTOpPHOi yCTaHOBKH, TpuBaiicTio Bix 40 no 80
XB.), 3QJEKUTh Bl PIBHS pajiallifHOro (OHy, 10 MIATBEPIKYE TOCTOBIPHICTD
po3po0JieHOT MaTeMaTUYHOI MOJeN 3amo0iraHHs HaJA3BUYAWHUM  CUTYaIlisIM,
BUKJIMKaHUX MOKEKaMH Pall0aKTUBHUX JIICOBUX MAaCHBIB.

[lomanpuii  JOCHIKEHHS IUIAHYETHCS MPUCBITUTH  po3poOlll  METOIUKHU
NPOrHO3YBaHHS HAJ3BUYAMHMX CHUTYyallild, BUKIMKAHUX MOXKEXKAMH Pall0aKTHBHO-
3a0pyJHEHUX JIICIB 3 BHUKOPUCTAHHSM PO3BIAYBAIbHUX OE3MUIOTHUX JITAIBHUX
amaparis.
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MATHEMATICAL MODEL OF PREVENTION OF EMERGENCIES
CAUSED BY FIRE OF RADIOACTIVELY-POLLUTED FORESTS

The mathematical model of prevention of emergencies caused by fires in
radioactively contaminated forests is theoretically substantiated. The model is a
system of three analytical dependences: the first allows to calculate the probability of
detection of a radioactive harbinger of forest fire depending on the geometric
dimensions of the controlled forest area, search time and search effort applied and
determined by search strategies; the second allows you to calculate the value of
search effort (search performance) depending on the geometric dimensions of the
radioactive anomaly and the range of its detection by the main and additional
channels; the third determines the detection range of a radioactive anomaly
depending on the speed and altitude of unmanned aerial vehicles. An experimental
verification of the efficiency of the proposed mathematical model with the help of a
laboratory setup and methods of conducting experiments with its use. Thus, it is
established that especially in the early stages of ignition, the spherical law works: the
wave front expands like the walls of a cylinder, and the radiation intensity decreases
in proportion to the distance. This means that as a result of relaxation processes
occurring in the atmosphere, the attenuation of radiation by a value whose specific
value depends on the frequency of radiation and some physical parameters of the
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surface layers of the atmosphere. Taking into account the results obtained in the work
in preventing the development of an emergency caused by a fire in a radioactively
contaminated forest allows the emergency response manager to make the right
management decisions and ensure safe working conditions for rescuers. Further
research is planned to develop a methodology for forecasting emergencies caused by
fires in radioactively contaminated forests using reconnaissance unmanned aerial
vehicles.

Key words: emergency, radioactive contamination, emergency prevention,
fire, forest, unmanned aerial vehicle, mathematical model.
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