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Poszensioaromocst memoou po3paxyHKy pesicumie pobomu cucmem Ma2icmpaibHux 2a3onpogoois. Y rimepamypi
NPAKMU4HO GIOCYMHI NOpaou wooo eudopy mMemoody po3e s3anHs noodibHux 3aday. AK npasuno, asmopu pizHux
npayb po3ensoaoms OKpemo meniosi ma 2lOpoOUHAMIYHE 3a0ati, a 6UGHEHHS OKPEeMUX 3a0ai CYMMmMEBEO 00NOMA2ac
npu UOOPI YUCENbHO20 MemOoOy po36'a3anis I tioeo peanizayii na EOM.

Tlpu pospaxynxax neycmanenux Hei30mepmiuHUxX Pexcumis Olist 3a0ay 6 OOHOMIPHIT NOCMAHOBYL eheKkmusHiuLe
3aCcmoco8yeamiu Memoo Cimox, nPpU4oMy nepesazy Haoaomo HeseHum cxemam. Ilpu po3e'ssyeanni 3adau y 06omip-
Hill nocmanosyi 0/l 2a30nPoBOOIE HEBEIUKOT D0BNHCUHU 3PYUHO BUKOPUCMOBYEAMU JIOKANbHO-00HOMIPHUU MemOoO |
MemoO 3MIHHUX HANPSAMKIG, OJisi 2A30NPO600LE 6ENUKOL O0BNHCUHU, A TMAKONC OIS PO3PAXYHKIE CKAAOHUX 2A30MPAHC-
HOPMHUX CUCTNEM NPU OBOMIPHOMY ONUCE meyii 2a3y 0OYiIbHO BUKOPUCMOBY8AmMU Memoo «npamuxy. [Ipu po3e'ssy-
BAHHI 3a0a4 i3 HENPAMOKYMHUMU MENCAMU, 30KPeMA 3a0ayi Menio0OMiKy 3 IDYHIMOM, SKULL MA€E CKIAOHY NOBEPXHIO
MOJICTUBE 3ACMOCYBANHS IHMESPATLHO20 MEMOQY,; BUKOPUCTNANHS MemOdy CIMOK e(eKmusHiule, SIKWOo 3acmocogy-
€MbCSL CXeMa IHMe2pPyBanHHs 3a 4acOo80I0 3MIHHOIO He Hudicue Opy2020 nopadky. Haiicyyacuiwum memoodom po3e'asky
cucmem OupeperyitiHux PiGHsIHb € MemooO KIHYesux eieMeHmis i 1020 nodauviue po3pobienHs - Memoo cynepejie-
MeHMmI8.

Kitro4oBi cioBa: TemoBi 3azadi, rifpoaMHaMivHi 3a1adi, METOX CITOK, JIOKaJIbHO-OAHOMIPHHI METOL, METox
3MIHHHMX HAMpsIMKiB, METO MPSMUX, IHTEIPAIbHUIA METOJI, METO CYIIEPEIEMEHTIB.

Paccmampusaromest memoowl pacuema pexncumos pabomul CUcmem MAaUCMpaibHblX 2a30Npoeo0os. B nume-
pamype npakmuiecku Omcymcmeyiom coemvl no 6blOopy mMemooa peuienuss no0ooHsix 3aday. Kax npasuno, as-
MOPbl PA3IUYHBIX Pabom Menosvle U 2UOPOOUHAMUYECKUE 3a0aul pACCMAMpUsaiom omoeibHo, a uzyuenue omaoe-
JIbHbIX 340a4 CYujeCmeeHHo NomMo2aenm npu bloope YUCICHHO20 Memooa peuenus u e2o pearuzayuu ha DBM .

Ipu pacuemax HeycmManoBUGUUXCSL HEUZOMEPMUUECKUX PENCUMOB OIS 3a0ay 8 0OHOMEPHOU NOCHAHOBKe G-
hekmusHee npumeHsms Memoo Cemok, npuiem npeonoumenue 0aom Hesénvle cxemvl. Ilpu peuwienuu 3aday 6 08y-
XMEPHOU NOCMAHOBKe O] 2A30NPOB80008 HeOOAbUIOU ONUHbL YOOOHO UCNONb308AMb JIOKANIbHO-0OOHOMEPHBIIL MEMOO
U Memoo nepemMenHbIX Hanpaeierutl, 0Jis 2a30nPO60008 BOILULOU NPOMANCCHHOCIIU, 4 MAKJCe OISl PACYEma COMHC-
HbIX 2A30MPAHCROPIMHBIX CUCTNEM NPU O8YXMEPHOM ONUCAHUU MEYeHUs 2a3a YenecO0OPA3HO UCHOIb308aANb MEMOO
«npsamoixy. Tpu pewenuu 3a0ay ¢ HENPSIMOY2OIbHbIUM NPEOeNaMU, 6 YACMHOCIU 3a0a4l Meni00OMeHA ¢ SPYHMOM,
KOMOPbLIL UMeem CLONCHYIO NOGEPXHOCHIL 03MOICHO NPUMEHEHUE UHMESPAIbHO20 Memodd, UCHONIb308aHIe MEmO-
0a cemok 3¢hghexmueHee, eciu RPUMEHAEMCSL CXeMA UHMEeSPUPOBAHUS HO 6PEMEHHOU NePEMEHHOT He HUJICe 6MOopo-
20 nopsioka. CoepemMeHHbLM MEMOOOM peuleHust CUCTheM OUpPEPeHyUanIbHbIX YPAGHEHUTL A6Temcs Memoo KOHeu-
HbIX 2IEMEHMO8 U €20 OANbHeluas paspadbomxa - Memoo CynepIieMenmos.

KiroueBrlie cioBa: TEIUIOBBIE 3a7a4yM, THAPOIMHAMMYECKUE 3aaul, METOJ] CETOK, JIOKaIbHO-OAHOMEPHBIN Me-
TOJI, METO/] IIEPEMEHHBIX HAMPABJICHUI, METO MPSAMBIX, HHTEIPAIbHBIN METO/I, METOJI CYIIEPIIEMEHTOB.

In the literature there is almost no advice about choosing the method of solving such problems. Typically, the
authors of various articles, thermal and hydrodynamic tasks consider separately, and the study of individual tasks
are much easier when choosing a numerical method of solution and its realization on a computer.

When calculating nonsteady non-isothermal modes for one-dimensional formulation problems it is more effi-
ciently to apply the method of nets, with preference given to implicit schemes. When solving two-dimensional formu-
lation problems for short gas pipelines it is convenient to use local-and-one-dimensional method and method of
variable directions; it is advisable to use the method of lines for long gas pipelines and for calculations of complex
gas transportation systems when there is a two-dimensional description of the gas flow. When solving problems with
nonrectangular boundaries and, in particular, when dealing with the problems of heat exchange with the ground,
which has a complex surface, it is possible to utilize the integral method; the use of the method of nets is more effi-
cient if the integration scheme in accordance with the time variables not less than the second order is used. The
most modern method for solving differential equation systems is the finite element method and its further develop-
ment — a method of superelements.

Key words: thermal problems, hydrodynamic problems, method of nets, local-and-one-dimensional method,
method of variable directions, method of lines, integral method, method of superelements.

Jnst BUpilIeHHS 3aBJaHb KEepyBaHHs Marict-
pajJbHAMHU Ta30NPOBOAAMH IPU 3aCTOCYBAHHI Cy-
YaCHUX METOAIB YNPABIIHHA HEOOXIAHO 3HATH JW-
HaMIYHI XapaKTEePUCTUKH CHUCTEM MaricTpajibHOTO
razonpoBoay. JIs bOro OUITBHO BUKOPHCTOBY-
BaTh (opMalizamilo TEXHOJOTIYHUX IMPOIECIB
TPYOOIIPOBITHOrO TpaHCHopTy raszy. HasBHicTb
MaTeMaTHYHOI MOJIeNi TPyOOIIPOBIAHOTO TPaHCIO-
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pTy rasy pae 3Mory obpaTH HapamMerpu Ta CTpyK-
TypH YNPABJIIHHA, BUSHAYNTH KPUTEPIl ONTHMAIb-
HOCTI Ta_OOMEXKCHHS, 3'CYBaTH TOYHICTb, MPABH-
JTHHO BHOpAaTH TEXHIYHHUN 3aci® ynpaBIiHHS Ta iH.
BuxigHy Monens SIBHIL 1 TPOIECIB B ra30TPaHCIIO-
PTHHX CHCTEMax He 3aBXKIH BIAEThCS OTPUMATH 3
BHCOKOIO TOYHICTIO, IO BiJIOBIJa€ peajbHOMY
SIBUIILY 1 ITPOIIECY.

[5)
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Mema i 3a0aui oocnidacennv. MeToro poboTH
€ BHOIp HAWOUTBII MPUAATHOTO METOAY PO3pPaxyH-
Ky CKJIAJIHOT Ta30TPaHCIIOPTHOT CHCTEMH 32 PI3HHX
PEXKHUMIB Tedii rasy.

JlocsiTHeHHS i€l MeTH Tiependadae po3B’ 130K
HACTYITHHX 3a]1a4:

— aHai3 ICHYIOUMX METOJIB PO3paxyHKy pe-
KHMMIB MPOCTHX T'a30IPOBO/IIB;

— aHai3 ICHYIOUMX METOJIB PO3PaxyHKy pe-
KHUMIB CKJIaJJTHUX Ta30TPAHCIIOPTHUX CHCTEM;

— aHai3 ICHYIOUMX METOJIB PO3PaxyHKy pe-
KHUMIiB KOMIIPECOPHHUX CTaHI[IH MaricTpagbHUX
ra3omnpoBOIiB.

006’°ckmom docnidiicensy € peanbHa Ta30TpaH-
CIOPTHA CUCTEMA 3aX1AHOI0 PETIOHY Y KpaiHMU.

Ilpeomemom oOocnioxiceny € pexuMu ra3o-
TPAHCIIOPTHUX CUCTEM.

Memoou oOocnioscennsn. OOpoOIECHHS pe-
3YJIBTATIB TEOPETUYHHUX JOCIIIKEHh BUKOHYBa-
JIOCh 13 BUKOPUCTAHHSM:

— CTaTUCTHYHUX METOMIB 00poOseHHs iH(Op-
Malii;

— METOJIIB TPYITyBaHHSI,

— CHCTEMHOT'O aHaJi3yBaHHSI.

Haykoea Hoeu3Ha pe3y1bmamie 00CnioxiceHb:
BU3HAYCHO MCTOIM PO3PAaXyHKY CKIAJIHHX Ta30-
TPaHCIOPTHUX CHCTEM JIOBUIbHOI KOH(]Irypauii Ta
PI3HUX PESKUMIB TUTMHY Ta3y.

Bubip meromy po3paxyHKy HEI30TEpMIYHHX
HEYCTAJICHUX PEXKHUMIB CKIaJHUX CHCTEM Maricrt-
paTbHUX FaSOHpOBOI[iB 3aNeKUTh Bil Oarathox
(haxTOpiB: reoMerpii, CTaliOHAPHOCTI 4K HE CTaLi-
OHAPHOCTI Tedii, CTUCIMBOCTI, TOYHOCTI pO3paxy-
HKY, 4UCIia HGOGX]Z[HI/IX BY3JIOBHX 3HA4Y€Hb, TOIIIO.
[pu OIIIHIOBaHHI TOr0 YM IHIIONO METOIY HEOO-
XiIHO BPaxoBYBaTW MO0 CKIAJHICTb, IHYYKICTb,
NPHCTOCOBYBAHICTh. TOMy He MOXHA BHILIHTH
SKHUCh KOHKPETHHH METOJ SIK ONMTUMAIIbHUHA IS
BCiX BUMAKIB [1].

PiBHSHHS TpaHCIIOPTY rasy BKJIIOYae B cebe
3MiHHI KOe(DILIEHTH NPU MOXiAHUX, TOMY BKa3yBa-
TH, [0 SIKOTO TUIY PIBHAHb BITHOCATBCS PO3TILLY-
BaHI BUpPa3H, MPaKTHYHO HEMOXIIMBO. BHacminok
LBOTO T0CTa€ 1pobiema BUOOPY YHIBEPCAIbHOrO
METOJly PO3PAaxyHKy BKa3aHOi CHCTEMHU Au(epeH-
UiiHUX pIBHsAHb. PO3paxyHOK peKUMIB poOOTH
MaricTpajdbHUX Ta30MPOBOIB JUISL ONEPATHBHOTO
KepyBaHHsI TIOTPIOHO MPOBECTH 3a JOCHTH KOPOT-
KM 4ac, 3 IHIIOro OOKYy, JOBXHHA AUISHKH, IO
PO3PaxoBYETHCS, MOXKE JIOCATATH COTEHb KUIIOMET-
piB. Omxe, BuOpaHuii MeTox Mae OyTH IIBHJIKOJi-
I0YHMM 332 YMOBH JIOCTATHBOT TOUHOCT1 PO3B’SI3KY.

Cain 3a3HaYUTH, IO B JIITEPATYpPi MPAKTUIHO
Bi}Z[CyTHi nmopamgd MO0  BUOOPY  MeTony
PO3B’s13aHHs MONIOHKX 3a/1a4. Sk mpaBuio, aBTOpH
pI3HUX Tpalb TEIUIOBI Ta TiIpoAWHAMIYHI 3ajaadi
pO3TIIANAIOTh OKpeMO [2, 3], a BUBYCHHS OKPEMHUX
33714 CyTTEBO JIONOMArae MpH BUOOPI YMCENBHOIO
METOJy pO3B's3aHHs 1 oro peanizaiii Ha EOM.
PisHuneBi MeTOIM PO3B'A3aHHS 33744 TiIpOIMHA-
MikH po3riistayTo B [4, 5]. LlikaBuii orms i 10cuTh
MOBHI BIJIOMOCTi PO HAaWOUIBII YaCTO BUKOPUCTO-

VA

BYBaHi B Mpaiisix 3apyOiKHUX aBTOPIB METOIN PO3-
B'sI3aHHSA MMOAAHO B [6].

[IpuBepratoTh yBary cydacHi METOIH PO3B'si-
3anns 3anad [7, 8,9], ki onucyoThes nudepen-
Wi HUMA  PIBHAHHSAMH Yy YacTKOBHX MOXIIHHX.
Hai6inpll MOMWMPEeHni METOA CITOK BHACIIZOK
CBO€ET yHIBEpCaIbHOCTI Ta HASBHOCTI 100pe po3po-
Onenux teopii. s oro BUKOpUCTaHHS B 00JacTi
BU3HAYCHHS IyKaHNX (YHKLIH BBOAAT CITKY; BCI
TOXIi/IHI, AKI BXO/ATH Y PIBHSAHHS Ta KPaioBi ymo-
BU, 3aMIHIOIOTHCS PI3HUIIEBUMH 3HAYCHHSMH Y
By3JIaX CITKH. PO3B'S30K OTpHMaHUX TMPH EOMY
anreOpaluHuX PIBHSAHb Ja€ HAONIKEHI 3HAUCHHS
¢yHKIil y By3max citku. s OLIBIIOCT pi3HUIIE-
BHX CXEM BY3JIU CITKH JISKaTh Ha IEPETHUHI JISTKUX
NpsIMUX JTiHIH, TpoBeeHNX abo y 3BUYaliHIN cuc-
TeMi KOOpAHMHAT, a00 y CIelialbHO MigiOpaHii 3a
dopmoro obmacti BusHaYeHHS G IIYKaHHX (yHK-
1iii. Bubip Buly CITKHM 3HAYHOIO MIPOIO 3aJIEXKHUThH
Bin ¢opmu obmacti G. Jlnst ABOMIpHUX 3aaad y
MPSIMOKYTHIH 00JIacTi Haifyacrilie BUKOPHCTOBY-
I0Th TIPSIMOKYTHY CITKY, 3HAYHO MEHIIE - TPHUKYT-
Hy Ta mectukytHy [l10]. OcHOBHI KiHIIEBO-
pi3HUIIEB] POPMYIH [T YACTKOBUX MOXIITHUX MO-
KyTh OyTH OJIeprKaHi 3a JIOMOMOI'OI0 PO3KIIaIaHHs
y psaau Telnopa.

Y mpami  [6] po3riIsAarOThCS  KIHIIEBO-
PI3HHUIIEBI aHAJIOTH MOXIAHMX Pa30M 3 OLIHKOIO
TIOMHUJIKH alpOKCHMaLii.

JL1s1 TOXiIHOT MepLIOro MopsKy:

pi3HHIIEBA alPOKCUMAILiS BIIEpest

6_f=fi+1 _ﬁ (1)
ox Ax

3 IOXUOKOIO anpoKCHMaLii MOpsaky Ax ;
pi3HHIIEBa anpOKCUMAIlisS Ha3al

6_f — fl — ﬁ—] (2)
ox Ax ’

3 MOXMOKO0 alpOKCHMAITil TOPSAKY Ax ;
LIEHTPAJIbHA PI3HUIIEBA ATIPOKCUMALLIS

6f f+1 f 1 (3)
Ox 2Ax

3 MOXUOKOI0 arpoOKCUMAIlil MOPAIKY sz,
JPYTUM MOPSIIKOM TOYHOCTI.

Tounimm pe3ynbTaTH Ma€e JBOCTOPOHHS pi3-
HUIIEBA IMOXiJAHA. AHaJI3 CBIIYHTh, IO Pi3HUIICBA
MOXiJTHA Ha3aJ Ma€ JOCTATHIO TOYHICTh MPHU IMPO-
CTili CTpYKTYpi A epeHIiiHuX PIBHIHD, a Pi3HU-
LeBa aNpOKCHMALis BIEPEA MOKE CHPHIHHUTH
3HAYHI KOJMBAHHs Y IPOLEC PO3B'A3aHHS, IO
MPHU3BOAUTH JIO HECTIMKOCTI PI3HUIIEBOT CXEMHU.

TOOTO 3

2
. .. 0
Hus  apyroi  moximHol —5  LCHTpaibHO-
Ox
PI3HUIIEBUH aHAJIOT MOXKHA MOJATH Y BUTJIAIL:
2
6 fzj(i+1+j(i—1_2j(i (4)

o’ Ax?

2

noxubKka anpokcuMalrii Mae mopsiiok Ax
KiHIIeBO-pi3HHUIIEB]I BUPa3H MOYKHA OJEP)KATH
TaKOXX, BUKOPUCTOBYIOUH AarpOKCUMYIOUY aHali-
THYHY (yHKII0 3 BUIBHUMH MapaMeTpaMH, sKa
OymyeThCs 31 3HAYCHHSMH Y BY3JIaX CITKH, a TIOTIM
aHATHYHO IUdepeHNitoeTbes. [Ipu 1mboMy BH-
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TS ampOKCUMYI040i (PYHKIIIT OBUHEH BU3HAYA-
TUCS aHATITHYHUM PO3B'SI3KOM 200 Ha OCHOBI €KC-
MepUMEHTANBHUX JaHuX. Haifuacrimme sk ampok-
CHUMYOUi (YHKIil BHKOPHCTOBYIOTH TOJIHOMH,
OpH [BOMY B Psijii TPAaKTUYHUX 33734 HE BHUIIC
JPYroro MOPSIKY.

SIKImo TPUNYCTUTH, TIO 3HAYEHHS B TOYKAX
i-1 Ta i+13amaHi, TO MOXXKHA MTPOBECTH MapabOIIUHy
anpoKCUMAaIliio

f(x)=a+b+cx2 . %)
[Ipuitmaroun 3a mogaTok KoopauHaT x=0
= = a—bAx +cAx?, fi=a,

. (6)
Jir1 =bAx+cAx” +a.
Toni:
St i =2 S m i )
A2 ’ 2Ax
VY To4i { 3HaYCHHSI MTEPIIOT MOX1AHOI:
of
pw = [b + 2cx]x=0 =b . ®)
1
3HaueHHs APYToi MOXiTHOI:
2
0 { 2c . 9)
ox

Bapro Bif3HAYNTH, 1O BUSBIEHO NESKI HENO-
JIKH MONIHOMIaNbHUX amlpoKcuMauii. 3i 36imb-
HICHHSM TIOPSJKY amnpoOKCUMAII] ITiBUIILY€ETHCS
YyTIUBICTh A0 «IyMiB», TOOTO 10 Ounbmr abo
MEHIII BHIIAJIKOBO PO3MOJUICHNX MalliX TTOMHIIOK
y JaHuX, [0 MOXKE MPHU3BECTH 0 HEJOCTOBIPHHX
pe3yabTaTiB. YUyTIUBICTh MONIHOMIANBHHUX alpoK-
cUMaIliii MO)KHA 3MEHIINTH, SIKIIO JUIS ITOJiHOMA
N-ro nopsiaKy B3iTH AaHi B 3 N, 4-N Ta HIINX TO-
ykax. [Ipu oMy JOLUTBHO 3HAXOMUTH KoedimieH-
TH He aire0paidHo, a METOJOM HaWMEHIINX KBaJ-
partis.

Cnig BiA3HAYMTH, IO 3aJSKHO BiJ CIIOCOOY
ampoKcUMaIlil MOXITHMX OJep)KaHi ajareopaiuHi
PIBHSHHS MOXXYTh MaTH OJJHE YH JIEKiIbKa HEBiIO-
MHUX 3Ha4YeHb (DYHKI[IT Ha HOBOMY mIapi. Y mepIio-
MY BUTIQJIKy CXEMH HA3WBAIOTh SIBHUMH, Y APYTOMY
- HESIBHAMU.

JJis SIBHUX CXeM HEBIZIOMI 3HaYCHHSI IITyKaHOT
¢dyHKIIT MOXKHA BHpa3uTH uepe3 Bimomi. [ms He-
ABHUX CXEM Ha KOKHOMY LIapi OJEPIKYEMO CHCTE-
My JHIHUX DIBHSHb BIJHOCHO HEBIJIOMHUX 3Ha-
4yeHb (ynkuii. Haiyacrimre MaTpHII i€l JMHIAHOT
CHCTEMH TPH/iaroHaJbHA 1 PO3B'SI30K MOXKHA 3HAM-
TH anreOpaluHO0 MEPErOHKO.

OCHOBHOIO TIEPEBArol0 SIBHUX CUCTEM € MPOC-
TOTA PO3B'A3KY AalPOKCMMYKOYMX piBHsHb. SIBHI
CXEMH EKOHOMIYHi, OCKUIBKH JJISI TEpeXoay Jo
HOBOI'O 1Iapy HOTp16Ho BUKOHATH apu(METUIHI
Aii y KUTbKOCTI, NPONOPLIiHIi 10 MepIIoro cryre-
Hfl YMCIa HEBIIOMHMX. Y 1BOMY PO3YMiHHI SIBHA
cxema He nommmyerbesi. CyTTEBHM HETOTIKOM
SBHHUX CXEM €: TMO-Tieplle, JMHaMIiYHa HeCTIHKICTh,
MOB's3aHa 3 OOMEKEHHSIM Ha BEIUYMHY KPOKY 3a
4acoM; MO-JIpyre, CTaTUYHA HECTIHKICTh, 3yMOBJIE-
Ha JUIsd PIBHSAHHA TEIUIOOOMIHY 3a BEIWYHHOIO
TemriepatypornpoBigHocti. [Ipukian npocroi sBHOT
JIBOXIIAPOBOT 32 YacOM CXEMH 3 BUKOPHCTaHHIM
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TPUTOYKOBOT arpoKCHMAIlii JApyroi MoXigHol i
LEHTPaIbHO-PI3HUIIEBOT aMPOKCHMAIlii KOHBEKTH-
BHUX WIEHIB JUISL PO3B'A3KY PIBHSHHS IEPEHOCY
BUXOpY po3risHyTo y [11]. Brasani nemoniku sis-
HUX PI3HUIIEBUX CXEM NPH3BEIH /IO HEOOX1THOCTI
BUKOPUCTaHHSI JUIS PO3B'S3KYy cUCTeM audepeH-
LIHHUX PIBHAHb HEABHUX cxeM. Y [12] 3a3Hauya-
€TBCS, IO NPU YUCEIHHOMY BHBYEHHI CKIIQJHUX
3a1a4, O0cOOJNMBO Ha IMOYATKOBi crafii poOoTH,
KOJIM HEBIJIOMHU XapaKTep MOBEHIHKH PO3B'SI3KY,
JOITBbHIIIE BUKOPUCTOBYBATH SIBHI CXeMHU. Y TI0-
JaJIBIIOMY 5K CJIIJ BiJJaBaTH IepeBary OuIbII,
eeKTUBHUM cxeMaM, 30KpeMa HEeIBHUM.

VY [8] po3MISHYTO YHCIOBI PO3B'I3KK 3ajadi
HecTaI[iOHAPHOI TETUIONPOBITHOCTI KiHI[EBO-Pi3HU-
1neBuMH Meronamu. [Ipy oMy BUKOpHUCTaHI: sIBHA
KIHIIEBO-PI3HUIICBA aIllPOKCHUMAIli 3 BBEACHHSAM
JI0JIATKOBHX BY3IiB Ha BincraHi 0,5 Kpoky Bin rpa-
Hui (citka [1IMinTa); HesABHA KiHIIEBO-Pi3HHUIICBA
anpoKCcHUMAIlisl 32 IECTUTOYKOBOKO CXEMOIO (cxeMa
Kpanka-HikoncoHa); HesBHa KiHIIEBO-Pi3HHUIICBA
anpOKCHUMAIIisl 32 YOTHPHUTOYKOBOIO CXEMOIO.

Amnani3 po3B'si3KiB i3 BUKOPUCTaHHSM BKa3a-
HUX BHJIB CITOK CBIIYMTH, IO SBHI PI3HUIICBI
CXEMH JJIsl pO3B'SI3KY KpailloBUX 3ajay OutbIn ede-
KTHBHI, HDK HESBHI, OCKIJIbKH, IO-TIEpIIE, Nal0Th
3MOr'y 30UIbIIYBaTH YacOBUH KPOK (OCOOIHBO Y
Bunaiky Kpanka-Hikoncona), mo-upyre, BUKopuc-
TOBYBaTH HEpPiBHOMIpHY pO30HMBKY 00JacTi, 3a J0-
MOMOT'0I0 SIKOi MOXKHA TOYHIINIE anmpOKCUMYBATH
rpaHuui 001acTi Ta TOYHIlIEe BPaXOBYBaTH IPaHy-
uHi yMOBH. [l po3B'si3aHHs ABOMIPHUX 3a1a4 Te-
ILIONPOBINHOCTI PO3IISIHYTO METOIM PO3LICILICH-
Hsl, KONM CKJIQJHY 3aJa4y MaTeMaTH4HOI (i3uku
MOXHA 3BECTH JI0 TIOCHIJOBHOT'O pO3B'SI3aHHS
OUTBII TPOCTHX 3a7ad. 30Kpema, PEKOMCH/IYIOTh
JiBa HAOJIMIKEHUX METOIM: JIOKaJIbHO-OXHOMIPHHUM
(JIOM) [9] ta meron 3minHux HampsmkiBs (M3H)
[13, 14], B Tiif 4K iHIIIA Mipi cTpOro po3podieHi
ITOKH IO TLTBKH JIIS PO3B'A3KY ABOMIPHMX 3aj1ad.

[lpu BUKOpHCTAaHHI IUX METOJIB MOXHA IIO-
CIIZIOBHO, B JIBa €TalH, OJCPKYBATH y CHUCTEMI
anreOpaidyHUX PIBHAHb TPHIIATOHAIBLHI MaTPHIII,
IO JIa€ 3MOTY 3aCTOCOBYBATH METOJI TIEPETrOHKH, a
OTXKe, CKopouye 00'eM OrnepaTHBHOI MaM'sATi Ta He-
00X1IHUH yac 0OYHCIIEHbD.

AHamni3yroul 4yTIUBICTh PO3B'SI3KiB, peKOMe-
HIYBaTH ISl THX PO3PaxyHKiB, sIKi HE BUMAraroTh
BHCOKOI TouHOCTi, cxemy JIOM, a mpu po3paxyH-
Kax 3 BUCOKUM CTYIIEHEM TOYHOCTI BUKOPHCTOBY-
Batu cxeMy M3H, sika nae po3B's3ku, OJM3BKI 10
ICTHHHHUX, OCOOJIMBO MPU JIOCATHEHHI YCTaJIEHOTO
CTaHy.

Meron 3MIHHHX HaNpSAMKIB 32 OCTaHHI POKH
IIMPOKO 3aCTOCOBYETHCS B 3aj7auax riApoauHaMIKU
Ta TerioooMiny. Ile mosicHoeThest THM, 1m0 M3H
MPOCTUH 1 €IMHUI IS KOXKHOT'O PIBHSHHS TOYaT-
KOBOi CHCTEMH, BiH 3aCTOCOBYETHCS ISl PO3B'S-
3aHHSl SK CTalliOHAPHHUX, TaK 1 HeCTalllOHAPHUX
3amad. PisHWIEBa cxema, MO BHUKOPHUCTOBYETHCS,
00'eIHy€E (CTOCOBHO KOXXKHOTO OKPEMO B3STOTO Pi-
BHSHHA CHCTEMH) IepeBard SBHOI Ta HEIBHOI
CXeM, TOOTO € €KOHOMIYHOI 1, 0€3YMOBHO, CTii-
Kor0. MeTton He Mae oOMeXeHb, IOB'SI3aHUX 13 TH-
IOM ampoKCHUMAIlil KOHBEKTHBHMX YJICHIB, IO
0COOJIMBO BaXKJIMBO Y 3B'A3KY 3 BIJICYTHICTIO aHaTi-

[5)
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3y CXEMHOI B'S3KOCTi JUIS JABOMIPHOTO BHUIIAZIKY.
BoaHodac mpakTHYHO BCI PO3PaxyHKH Ba/IMBUX
OaraToMipHHX 3aja4 MPO Tedil CTUCIUBOI PiINHM,
onyOJIiKOBaHi JI0 I[bOTO Yacy, MPOBONIHCH 3a JI0-
MOMOT'0I0 0araTOKpOKOBUX sSBHUX cxeM. [lepeBara
SBHHUX CXEM ITiJ] Yac PO3B'A3aHHA 3aJlad CTUCKYBa-
HOT'O CEpeIoBHIIA BUKIHKAHA CYTTEBOO 3aJICKHIC-
TIO Koe(illi€HTIB BiJ IIyKaHUX (YHKIIiH, TOMY MpH
BUOOpi X 3Ha4YeHb 13 TOMEPEAHHOTO YACOBOTO
KpPOKY BHHHKAIOTh 3HAYHI TIOMHIIKA B OOYMCIICH-
HSIX.

Hocnimxytoun poOOTH pi3HUX aBTOpiB [6],
0aunMo, 1110 OUIBIIICTh HESIBHUX CXEM, 0€3yMOBHO
CTIHKMX TIpH 3aCTOCYBaHHI 10 au(epeHIiiHuX
PIBHSHB 3 MOCTIHHUMH Koe(illieHTaMu, HE MOXKeE
OyTH TakKoIO X 1 MPH 3aCTOCYBaHHI IO CHUCTEMH
PIBHSHB, SIKI ONMUCYIOTh TEUil0 CTUCIUBOI PiJMHH.
Tenep HeniHiitHI 3aa4i Tevii ra3iB OUIBII YCHIIITHO
PO3B'SI3YIOTHCSL 3a JIOTIOMOIOI0 ABHHMX CXeM [6],
X04a B MaHOYTHhOMY HESBHI CXEMHU PO3PaxyHKY
TeUill CTHCKYBaHOTO CEpEIOBUIIA MOXYTh HaOyTH
BaYKJIMBOT'O 3HAYCHHS. Y 3B'A3KY 3 IIUM IOCTAE IH-
TaHHs MPO 3aCTOCYBaHHS B 3aJla4yaX TPaHCIIOPTY-
BaHHS MPUPOJHOTO ra3y iHIIMX METOIB, TAKUX SIK:
METOJ/I «IPSIMHUX», METOJl XapaKTEPUCTHK, METOJ
KOHTPOJIBHOTO 00'eMy, THTErpallbHUI METOJ Ta iH.
Meroa «IIpsAMHX» € OJHUM 13 0araTOKPOKOBHUX 3a
4acoM METOJIIB 3 SIBHOIO CXEMOIO IO MPOCTOPOBUX
3MIHHHX. Y I[bOMY METOJIi CiTKa BBOIUTHCS TUIBKH
JUTS YaCTUHM 3MIHHUX, SIKI PO3MIISIAIOTHCS K JIHC-
KpETHI, a 0JTHA 3MiHHA, IEPEBAKHO Yac 7, 3aJIMIIIA-
eTbest 6e3nepepBHOto. [Ipu poMy piBHSHHS y Yac-
TKOBMX MOXI[HUX alpOKCUMYETbCs IU(epeHiii-
HO-PI3HUIICBIMHU aHAJIOTAMH, SIKi CTAHOBIISITH CHC-
TeMy 3HaYHOTO YHUCIa 3BUYAHHHUX TUQPEPESHIIIHHIX
piBHsHB [15]. Jns po3B'sI3Ky Takoi CHCTEMH piB-
HSHb 3BHYAallHO BUKOPUCTOBYIOTH MeToxa PyHre-
Kyrra 3 aBromatnunum Bubopom kpoky [16]. Ile-
peBaraMu 1bOrO METOJY € HMIBUJKOJis, TOYHICTh i
mupoka peamizanis Ha EOM. Po3xomkeHHs crio-
CTepiraroThbesl TUTBKK TpHU MOOym0BiI cxeM. Haiiua-
CTillle 3aCTOCOBYETHCS CXEMa YETBEPTOTO MOPSIKY
TOYHOCTI, $IKa YTBOPIOE CIM'I0 YOTHPHWICHHHX
cxeM [9]. 3okpemMa, y cTaHAapTHUX Iporpamax Ha
EOM peanizoBana cxema:

Vs 1=V th/6(k+ 20+ 2ks+ky) ;
k=1, Y,

ko=f(x,+h/2, y,+h/2%;), (10)
ks=f(x,+h/2, y,=h/2%k;),
k4:f(xn +h; yn +h *k.?);
€  Vu Va+1 — PO3B’SI3KHU Ha 1 Ta N+ KPOILIi;
X, — He3aJieXKHa 3MiHHA Ha /i KpoIli;
f — mpaBa dacTMHAa pIBHSHHA BUAY
o4
—=f(x).
o=/ ()

VY [13] maBeneHa apyra Bapiaiiisi Mmeroay PyH-
re-KyTTa 4yerBepToro nopsaaxy:
Ynr1=ynt(0,174750/k;-0,55148 1 k,+
+1,205535k;+0,171185k,), (11)
ne  ki=f*h(x, v.), k=h*f(x,+0,4h, y,+0,4k,),
k;=h*f(x,+0,45573h, y,+0,296978k,+0,158760k;),
k=h*f(x,+h, y,+0,218100k;—3,050965/k,+
+3,832864k;).

96 )
96 )

L5 cxema Mae HaifHMXKYY TTOXUOKY JUTS JaHOT
cimM' cxem Pynre- Kyrra.

Meron «psiMux» 1a€ 3MOTy €eKTHBHO pO3-
B'I3yBaTH DI3HOMAHITHI 3a1adi, fAKi BMHUKAIOTH
OpH  MOJENIOBAaHHI JTUHAMIYHHX BJIACTUBOCTEH
TpyOonpoBigaux cucrem. HemonmikoM mporo mero-
Iy € Te, IO NPU PO3paxyHKy IUISTHKKA B Maricrpa-
JIBHAX Ta30NpOBOAAX JOBKUHOK B JIEKUIbKA CO-
TCHb KUIOMETPIB JOBOAUTHCS PO3B'A3YBAaTH CHCTE-
My TU(EPEHUIHHNX PIBHSAHb BEIMKOI PO3MIPHOCTI.
Kpim Toro, y mporeci 3BeIeHHs [OYaTKOBUX piB-
HSIHB JI0 3BUYalHUX JUQEPEeHIIITHIX OMUPAIOThHCS
Ha HEMepepBHICTh MOYaTKOBUX (YHKIIN Ta X 1mo-
XITHUX 1O BCii obnacTi iHTerpyBanHs. Tomy Me-
TOJ| IPSIMUX HE CITiJi BAKOPUCTOBYBATH MpPHU CTYIIi-
HYacTHUX 30ypeHHsx [17].

Meron XxapakTepuCTUK — METOH, CYTb SKOIrO
3BOJIMTHCS JIO BIANIYKAaHHS TaKUX HAMPSMKIB, Je
yacTkoBe JudepeHIliiiHe pIBHSIHHA MOXe OyTH
CHpoIlleHe 10 3BUYAIHOIO zmq)epeHuiﬁﬂoro piB-
Hauus [18]. Leit merox He3pydHU NpH po3paxyH-
KaXx CKIIaIHUX CXEM, IO ONHUCYIOThCs HENHIHHUMA
nudepeHiiHuMy  piBHSHHSIMA. Kpim Toro, pi3ki
3MIHH TIapaMeTpiB CHCTEMH (HaIpUKIad, Mmeperna
TUCKY B MAariCTpaJlbHOMY Ta30MpoBOJi) MPHU3BO-
JSITH 10 HEMOXITUBOCTI PO3B'I3aHHS METOJIOM Xa-
pakTepucTHk [6].

[HTerpanbHuil METO A€ MOXKIIMBICTH JIOCST-
TH MOBHOTO PO3KJIAJAHHs PE3YJIbTATHBHOTO MOKa-
3HMKA 33 (hAKTOPaMy i HOCUTH yHIBEPCAIbHUH Xa-
PakKTep — 3aCTOCOBYETHCS ISl BUMIPIOBAHHS BILINA-
By (akTOpiB y MyNbTHILTIKATHBHUX, KPAaTHHX i
3MIlIAHMX MOZENAX. BUKOpPUCTaHHS 1BOTO CrIOCo-
Oy ;a€ 3MOry OTpEMAaTH OLIBII TOYHI PE3YJILTATH B
TNOPIBHSHHI 3 IHIIMMH BHIIE HA3BAHUMH CrIOco0a-
MH, OCKUIBKH JOJaTKOBHH IPUPICT PE3yJIbTAaTUB-
HOTO IOKA3HUKA Bl B3a€MOAIT (paKkTOpiB npueHy-
€TbCS YN HE 0 OCTAHHBOIO (BaKTOpy, a AUTUTHCS
nopiBHy Mix HuMH [18]. s po3nozw1y J0J1aTKO-
BOTO TIPUPOCTY HEAOCTATHHO B3SATH HOr'0 YaCTKH,
110 BiJIIOBIAIOTh KUIBKOCTI (DaKTOPIB, TaK SIK (baK-
TOPH MOXYTh MIATH B PI3HUX HampsMkax. Tomy
3MIHa PE3YJIbTATUBHOTO IMOKAa3HUKA BUMIPIOETHCS
HAa HECKIHYEHHO MallMX BiJpi3Kax wyacy, ToOTO
MPOBOAMTHLCS IMIJICYMOBYBaHHS TPUPOIICHHS pe-
3yJIBTATy, 10 BU3HAYAETHCS SIK YACTKOBI MOXIJHI,
MOMHOXEHI Ha MpHpicT (aKkTopiB HA HECKIHYCHHO
Majux mpoMmiKkax. Omepaiis oOYMCICHHS O3HA-
YEHOro IHTErpajia BHPIIIYETHCS 32 JOMOMOTOIO
EOM 1 3BOMTBCS 10 HOGy}Z[OBI/I MiTIHTErPaJIbHUX
BUPA3iB, sKi 3a1€XKaTh Bill BUILy ynxuii abo mo-
zieni (pakTopHOi cuCTeMH. Y 3B'A3KY 31 CKJIAHICTIO
00YHCIIEHHS IEAKUX TICBHUX IHTErpasiB i 101aTKO-
BUX CKJIQJHOIIIB, TOB'SI3aHUX 3 MOXIIMBOIO JII€I0
(bakTOpiB y NPOTHIICSKHUX HATIPSMKAX, HA PAKTH-
i BHKOPHCTOBYIOTBCS CICLIaNbHO COpPMOBaHi
poGoui (hopMyJid, 0 HABOIATHCS B CIEIiabHIN
Jitepatypi. TakMM YMHOM, BHKOPHCTAHHS IHTEr-
PaJbHOTO METO/Y HE MOTPEOYE 3HAHHS BCHOTO
npouecy inTerpyBanss. JloctaTHpo mime B po6oui
(opmynn mincraBuTH HEOOXiAHI YMCIOBI JaHi i
3poOHUTH MifpaxyHKH. [IpH 1BOMY JIOCATAETHCS
OUIBII BHUCOKA TOYHICTh PO3paxyHKiB. [HTerpaib-
HUH MeToJ A00pe NposBIisie cebe MpU HEMPSMOKY-
THUX Mexax. KpiM Toro, mepesara 1poro Meroy
MOJISITa€ Yy KOHCEPBATHBHOCTI HOro cXeM, TOOTO
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BiH 3a0e3leuye BUKOHAHHS MEBHUX IHTETPaIbHUX
3aKOHIB 30€PEIKEHHS, CIIPABEIMBUX ISl [0YATKO-
BUX AudepeHuiiinux piBHsHb. CIlijl 3a3HAYUTH, 1O
3a JIOMOMOT'OI0 KiHIIEBO-PI3HUIIEBOTO METOAY MO-
JKHA TaKOXK OJIEPIKATH KOHCEPBATHBHI CXEMH, aje
KOHCEPBATUBHICTH HE 00OB'I3KOBO MiJBHIIYE TOY-
HicTh cxeM. Hanpuknan, ans nqudepeHiitnux pis-
HSIHB 31 3MIHHUMH KoeQillieHTaMH HEKOHCEpBaTH-
BHHMH METOJ MOXKE TPU3BECTH 1O OUIbII TOYHHMX
pe3yabTaTiB, HK KOHCEPBAaTHBHHM.

Mertoa KOHTpObHOTro 00'eMy [19] rpyHTYETh-
sl Ha MIKPOCKOMIYHUX (i3MYHUX 3aKOHAX, a HE Ha
BUKOPUCTaHHI MaTeMaTHYHOTO arapara Hernepe-
pBHUX QyHKIIH. OcOOINBO BAXKIUBUM II¢ BUSBIIS-
€TBCS y THUX BHIAJKaX, KOJH ;[Hq)epeHmHHl piB-
HSHHS HG MalOTh BCIOJIM HEIICPEPBHUX PO3B'SA3KIB,
SKI MO>KHa Oyio O y KOXHill TOYIli MOJaTH Yy BU-
risiai psaaiB Teittopa. OfHak y po3risryBaHii 3a-
Jladi He ICHye pO3B'S3KIB i3 pO3pUBAMU, TOMY BH-
KOPHMCTaHHS METOIy KOHTPOJIBHOrO 00'eMy He Hae
MOMITHHX TIepeBar MOpPIBHSHO, HAIIPHUKIIAJ, 13 KiH-

[[EBO-PI3HUIICBUM METOJIOM.

Meroau KOHTPOJIBHOIO 00'€éMy Ta IHTErpalib-
HUN OJM3bKI 0 KIHIIEBO-PI3HUIICBOI'O METOMIY, 30-
KpeMa BOHU MOXYTh IPHU3BECTH O OJHAKOBUX
PI3HHUIIEBUX BUPA3iB MMOX1THUX.

VY psai MpakTHYHUX BUIAJAKIB JOIIBHO BH-
kopuctoByBatu Meroa Monte-Kapio. st po3s's-
3Ky 3a/1a4 TaKoro TUIY BHUKOPHCTOBYIOTH 3aKOHH
BEJIMKUX YHCEL.

Ouink f}, f5.../» WyKaHOI BENUYUHHU [ OTPH-
MYIOTb Ha OCHOBI CcTaTHYHOI OOpPOOKHM Matepiany,
MOB'S3aHOTO 3 pe3yiabTaTaMH JESKUX OaraToKpart-
HUX BHIMAJKOBUX BUIPOOYBaHb. [Ipy 1ibOMy BHMa-
raeThes, 1100 BUIMAKOBA BEJIMYHMHA f, IPH #1—>00 TI0
HMOBIPHOCTI CXOJHMIIACH J0 NIYKAHOI BETMYWHM f,
TOOTO A1 Oynab-skoro &[]0 MOBMHHO MaTh Micle
TpaHUYHE CIIBBIIHOIICHHS:

lim (P|f - f,|<&)=1,
n—0

ne P — WMOBIpHICTb.

[llykana BemuuuHA f TPAKTYETHCS SIK MaTeMa-
THYHE CIIOMIBaHHS IEAKOI BUIIAAKOBOI BEIMYNHH.

VY [6] BUALICHO TPH OCHOBHI MiIXOH 3 BUKO-
pucranus Mmeronie Mounte-Kapmo mis po3B'sizky
KpalOBHX 3aJa4:

1) muckperusalnis 3amadi 3 MOJAIBIIMM PO3-
B'SI3KOM CHUCTEMH JIIHIMHUX anreOpaiyHuX piBHSHD;

2) monmaHHs pO3B'SA3KY Y BHIIISAJI KOHTUHYaIIb-
HOTO IHTerpaJia i Horo 004MCIICHHS;

3) 3BelEHHs MOYaTKOBOI zm(bepeHumHm 3a-
Jiadi 10 CHELianbHOrO Ta IHTErpaIbHOrO PiBHSHS i
PO3B'S3aHHS LHOTO PIBHSHHS.

Hepumii migxix HaOLIbLWI yHiIBEpCaNibHUHA i
3BOJIMTBCS /10 MPOCTUX YHMCENbHUX AIrOPUTMIB,
SAKi, OJHAK, Y DS/l BUIAJIKIB BUABJIOTHCS OLTbII
TPYJOMICTKMMH, HDK QITOPUTMH, WO 0a3yroThes
Ha IHIIKMX MigxXoAax abo )Z[eTepMIHOBaHI/IX METOoJIaX.
3okpema, WMOBIPHICHI METOMIB PO3B'S3KY CHCTEM
anreOpaiyHuX PIBHAHB, IO BHKIAJCHI y TpaIsx
[20, 21, 22], cBim4ath, 1O iX 3aCTOCYBaHHS HE Ma€
nepeBary MOpPiBHSHO 3 JETEpPMiHOBAHUMH METO/a-
MH, KOJM OCHOBHA MATpHIIS PO3psipKeHa. Taky
MATpHLIO OICPXKYIOTh IpHU KIHILIEBO-PI3HUIICBIH
anpoKcUMaIlii PO3TJIAHYTHX HaMH JM(epeHIIHIX
PiBHSIHB. AHaJIOTIUHI BUCHOBKM 3po0iieHO y [23],
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Jie aHalli3yloThCsl OCHOBHI METOJM PO3B'S3KY CHC-
TeM anq)epeHmHHHx PIBHAHb y YaCTKOBHX MOXiA-
HUX, MOB's3aHl 3 X KIiHIEBO-PI3HUIIEBOIO aIlpOK-
cumarniero. [Ipy 1poMy aBTOpPH 3a3HAYarOTh, IO
JUIsl ESKUX KpaloBHX 3allav, HalpHKIax 3ajaadi
Hipixne, meron JIa€ 3HAUHY TepeBary, AKIIo Heo0-
XiJIHO 3HAHTH PO3B'A30K B IEAKHX TOUKAX.

Otxe, Hepmpm miaxig a0 n06yz[0131/1 METO/IIB
Mosnre- Kapno MOB'sI3aHUil 3 KIHeBO-p13HI/IIIeBI/IMI/I
ampOKCHMALIISIMH, MCHII  IIEPCICKTUBHUMA, HDK
JpYTHiA 1 TpeTild, 1 B 3a1au4i, sika po3TISIAEThCS, HE
Jla€ TIOMITHOI IepeBary MopiBHSIHO 3 JIeTepMiHOBa-
HUMH aIroputMamu. 3aCTOCYBaHHs iHIIMX CTATHC-
THYHHX IIIXONIB TAaKOX YCKIIAJHEHE 4Yepes BiACy-
THICTH J00pe pOo3poONeHUX Teopii i aHFopI/ITMlB
KpiM TOTr0, IPOTrpaMyBaHHs IIMX METOJIB MOB'sI3aHE
3 QITOPUTMIYHUMH TpynHoimamu. [Ipudomy orri-
HUTH TIEPEBard METOAY MOKHA TUIBKH ITCHs 3a-
KiHYEeHHS pO3POOKH MPOrpaMH.

HalicyuacHilMmM METOIOM PO3B'A3KY CHCTEM
AGbepeHIINHNX PIBHAHB € METOJ KIHICBUX erle-
mentiB (MKE) [24] i #ioro noganeiia po3po0Oka -
merox cynepenementis (MCE) [25]. Meron kiu-
IIEBHX EJIEMEHTIB € CITKOBMM METOJIOM, IPU3HAYE-
HUM IS BUPINICHHS 3aBJaHb MIKPOPIBHS, JUIS
SIKOT'0 MOJICTb 00'€KTa 3a7a€ThCS CUCTEMOIO Aude-
PCHINIAJIbHUX PIBHSAHb B YaCTKOBHMX IOXIIHHX 13
3aJJaHUMH KPallOBUMHM yYMOBaMH. MeTO/ KIHIIEBHX
CJICMCHTIB YCIIIIHO 3aCTOCOBYETHCS B HANpi3HO-
MaHITHIIINX 3aBJaHHsAX. Bin OyB cTBOpeHni st
BUPILICHHS CKIIAJHUX PIBHAHb TEOPii NPYKHOCTI i
6yIIIBeJII)H01 MEXaHIKH 1 BUSIBUBCS Habarato edex-
THBHIIINM 33 METOJ KiHIUEBHX PI3HHIb. 3apa3 ak-
TUBHO PO3POOJIAOTLCS ¥ iHIII 3aCTOCYBaHHS Me-
TONy KiHIeBUX eneMeHTiB. Lleil merom He3amiH-
HUH, SIKIIO MOTPIOHO BPaxoBYBaTH T'EOMETPHYHI
ocobmuBocTi obnacreit - Toni EOM BUKOpHCTOBY-
€THCSl HE TUTBKY JIJISl BUPINIEHHS CHCTEMH PiBHSHD,
aye, B TepIIy 4epry, s GopMyIoBaHHS 1 mo0y-
JIOBU JTUCKPETHUX alpOKCUMAIlif. 3 MaTeMaTUIHOT
TOYKH 30pYy METOJ SIBJsIE COOOI0 Yy3arajJbHEHHS
Mmerony Penes - Pitna - [anbopkina. Tomy BiH 3a-
CTOCOBHUI1 /IO IIUPOKOT0 KJacy piBHSHB B YaCTKO-
BHX MOXIAHMX. ¥ Meroni Pitia, onHak, He po3B’si-
3y€eThes Oesnocepentbo AudepeHuianbe piBHsH-
H3; 3aMICTh IbOTO BUXIHA 33/1a4a TIPE/ICTABIISETh-
Cs B CKBIBAJCHTHOMY BapialifiHomy (opmyio-
BaHHI, a TOTIM WIYKA€ThCS HAONKEHE pillleHHS
OCTaHHBOI'O Y BHIJISIII KOMOIHAIT 3aaHuX Mpoo-
HuX QyHKin. [Ipu 1BOMY Barosi Koediientn 00-
YHCIIOIOTBCS 3 BapiallifHOro NPHHUMILY, BiAIOBi-
AHOTO 3aBIanHIO. Lle i € Ta cucrema IMCKPETHHX
PIBHSHB, sSIKa BUPILIYETHCS 3a JomoMmororo EOM.
s imest BBaXka€ThCs OOCHUTH NaBHLOIO. HoBUM €
nue BUGIp NPOOHKX (QYHKIIH: y METOMI KIHIIEBHX
CNIEMEHTIB BOHHM KYCKOBO-TIONiHOMianbHi. Came
UM BHOOPOM BH3HAUA€ETHCS ycIix MeTony. Koxna
(GyHKIIIS TOPIBHIOE HYIIO HA OUTBINI YacTHUHI 00-
J1acTi 1 Bi):[MiHHa Big HYJISI TUIBKY B OKOJIMI OJHO-
ro Bysna. ¥ wii oxonuui GyHKIIsA CKIaieHa 3 mo-
JIHOMIB HEBEIMKOTO CTENeHs, 1 BCi OOYMCIICHHS
CTaloTh MaKcHManbHO npoctumu. Llikaso, mwo me-
peBaru KyCKOBO-IOJIHOMIanbHUX (GyHKUIA OfHo-
YacHO 1 abCOIIOTHO HE3aNeKHO Oy IOMiveHi B
MaTteMaTHuHii Teopii anpokcnmarii. Ines ix 3acro-
CYBaHHS BHSBHJIACS JIyXKe IUTIIHOIO, 1 BOHA 3'SIBU-
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Jlacsi caMe B MOTpiOHUE yac. Sk 1 B MeToml KiHue-
BUX p13HI/IHI) npu sukopucranni MKE st poss's-
3Ky KpaiioBOi 3ajadi, siKa OINHMCYEThCS An(epeH-
UIHHUMA PIBHSAHHSAMY, MOUIYK HEBiZOMOI QyHKLUIi
U 3aMIHIOIOTh 3HAXOIDKEHHSM ii 3HaYeHb y KiHIIe-
BOMY YHCJIi TaK 3BaHMX BY3JOBMX TO4OK. Ha mmx
BY3JIOBHX TOYKaX OyIyeThCsl CiTKa AMCKPETH3auii
obnacti BU3Ha4YeHHS (PYHKIIT SK CYKYIHICTh KiH-
[EBOr0 YMCIIa MijodnacTeid, o He MepeTHHATh-
csl, 1 MOB'SI3aHUX MDK COOOIO TITBKH y BY3JIOBHX
TouKax. Y KOXHIH Takii mimobnacti mrykana ¢yH-
KIS JIOKaJbHO aNpOKCUMYETHhCS HENepepBHUMHU
(GYHKIISME, SKi OJHO3HAYHO BH3HAYAIOTH 11 3Ha-
YeHHs y Oyab-sKii Touli mijobnacti yepe3 By3io-
Bi MapaMeTpH, a TaKOX 3aJ0BOJBHSIOTH KPHUTEPil
CXOJIKCHHSI ITOCIIIIOBHOCTI HAONMIKEHUX PO3B's3-
KiB JI0O TOYHOT'O TIPH 3MEHIIICHHI PO3MipiB Mmifgo0ia-
cti. [Ipu 1bOMY JIOKaJNbHA alpOKCHUMAIlis Ha MijI0-
OJacTsIX Ja€ 3MOTYy PO3TJISAAaTH OCTAHHI He3asekK-
HO OIWH BiJ omHOro. Taki migo0sacTi 3 moOymo-
BOIO alpOKCHMAIlil IyKaHoi QyHKIT yepe3 i By3-
JIOBI TIapaMeTpH HA3WUBAIOTh KIiHIICBHMHU €llEMEH-
Tamu [24].

JHani Ha OCHOBI BapiallilHMX MPUHIMITB 13
BUKOPUCTAHHSIM TI00yJIOBaHUX alpOKCHMYIOUHX
(ynkuiii y kokHiA 3 migobnacredl 3HAXOAMTHCS
BU]I mzuHTerpanLHoro BUpasy y GpyHKUiOHAI e(u),
AKMHA BIIMOBIIA€ XapakTepy 3ajaui, o po3risia-
€TbCs. 3 YMOBH CTAlliOHAPHOCTI (yHKIIOHATY e(ut)
0 e(u) =0 onepUMO CHCTEMY PIBHSHb [UISl BU3HA-
YCHHS BY3IIOBHX IApaMeTpiB JUCKPETHOI MOAEI
mrykanoi (yHkmii. Po3B'si30k 1€l cucremu anreo-
paluHuX PIBHSAHB Ja€ 3HAYCHHS ¢ Y By3Jiax 00yacTi
1l BU3HAYEHHSI.

VY [26] MKE po3B's3ana 3anada TeriooOMiHy
B TeroBuautsirouomy enementi (TBEJI) snepHoro
peakropa. [y po3paxyHKy BHKOPHCTOBYBAajOCh
HeNiHiiHe pIBHAHHS TeruonpoBiaHocti. s pos-
B'sI3aHHS 337124l 3aCTOCOBYBABCSI METOJI KOJIOKAIIiH.
VY Burgni anpokcuMyrouux (yHKIIH, Oynu Binpi-
3KkH moliHoMiB EpmiTa, a y BUIJIsIIII TOYOK KOJIOKa-
it - Toukn kBaaparyp [aycca. Po3pobnenuii aB-
TOpaMH METOJ JIaB 3MOI'Y CKOPOTHTH KUIbKICTh
apu(METUYHUX OIepaliii Ha KOXKHOMY YacOBOMY
Kpoli nmopiBHSIHO 3 MeronoM byOHoBa-I"anepkina,
10 YMOKJIMBHJIO 3aCTOCYBaHHsSI OaraTocTyriHYac-
TOT PI3HHUIIEBOI CXeMH i 4acoBoi 3MiHHOI. [Topi-
BHSHHS OJICP)KAHMX PE3YINbTATIB i3 pe3ysbTaTamu
METOy KIHUEBUX DI3HHUb CBIIYMTB NPO TC, LIO
3aBIIKM BHCOKIH TOYHOCTI LIbOrO METOAY MOXHa
3a0e3MmeynTH Oa’kaHy TOYHICTh PE3YNbTATIiB IMPH
BHUKOPHUCTaHHI TUTBKH JICKITbKOX PIBHSHb.

o nepesar MKE cnig BigHecTH BHHSITKOBY
IHIM(EPEHTHICTh BIIHOCHO T€OMETpii 00acTi, mo
PO3TJISIAa€ThC, KpalOBMX YMOB 3a/iayi, 3aKOHIB
3MIHM BJIACTHBOCTEH CEPEIOBUINA Ta 30BHIIIHIX
BIUTMBIB Ha ob6xacth [23] . Kpim toro, MKE Hani-
JICHUH TPOCTOI0 (Pi3UYHOI0 IHTEPIPETAIIEI0 OCHO-
BHUX HOTO OOYHCITIOBAILHUX OTEPAIliid.

Jlo 3araJibHUX HENOJIIKIB IIbOr0 METOMY CJij
BITHECTH HEOOXIIHICTh OOPOOKU BEITUKUX 00'€MIB
iH(OpMaIlii, 0 YacTo IyXKe CKIaJHO HABITh MPH
BUKOpHUCTaHHI HaigockoHammmx EOM, a Takox
3HAYHY 3aTpaTy Mpalli IpU MiArOTOBIlI TOYaTKOBHX
naaux s peanizanii MKE [25] Kpim Toro, MKE
IIUPOKO 3aCTOCOBYETHCS UIS PIBHSHB mapaboiy-
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HOT'O THIY, SIKi PO3B'SI3YIOTH 3324l MeXaHIuHO Jie-
(opmoBanux cepenosui, a i PiBHAHB rinep6o-
JIMHOrO THIlY OJEPIKAHHA MiIIHTErPAIbHOrO BUpa-
3y B MiHiMi3yrouomy QyHKIioHani Ta mobymnosa
CHCTeMH anreOpaidHuX piBHAHb JOBOJI CKIaiHA
3agada. Jlocuth Baxxko mpu BukopuctanHi MKE
3HAHTH PO3OMTTS 06MACTi BHU3HAYEHHA UIyKAaHOI
(yHKUIl Ha KiHUEB] €EMEHTH, OCKUIBKH AIrOpUT-
MIB PO30OHTTS, @ TUM OLjIbIlIe MAIIMHHKUX MPOrPaM,
SIBHO HEIOCTAaTHHRO [27, 28, 29].

Ha BigmiHy Bim METOMIB, IO ONMUPAIOTHCS Ha
KIHIIEBO-PI3HUIICBI CXEMH HH3bKOTO MOPSAKY, Me-
TOIW KIHIICBHX €JIEMEHTIB MOXYTh 3a0€3MeUUTH
BHCOKHI pIBEHb TOYHOCTI, a OTXKE, 1 3MCHIIUTH
PO3MIpH CHCTEMH PIBHSHB, SKi MiJJISATAI0Th PO3B's-
3aHHI0. TOMy BUMOTH 10 o6p061<1/1 JQHUX BUSIBIIS-
IOTBCSI MEHII )KOPCTKUMH, 1 3 METOIO ITi[BUIICHHS
BEIIMYMHU KPOKY 332 4acOM MOXKHa CKOPUCTATHUCS
0araTocTymiH4acCTHMH PI3HUIIEBUMH CXEMaMHU 3a
4acoBOIO 3MiHHOI0. BojHodac mpu po3B's3aHHI
HEeMHIAHUX 3a1a4 3a JI0TIOMOT'OKO LIHX METOLIB J0-
BOIMTBCS HAa KOXKHOMY KPOLi 32 4acoM 004HCIIIO-
BAaTH IHTErPaid, i B Pe3yNbTaTi (bOro 06'eM apud-
METHYHUX Olepaliil Ha KOXKHOMY KpOIli BHSBIISI-
€TBbCS 3HAYHO OUTBIINM, HDXX TPH BUKOPHCTaHHI
KIHIIEBO-PI3HUIIEBUX CXEM HHM3bKOTO IIOPSIKY.
OTxe, He3BaKAIOYM Ha OUIBIINY TOYHICTH, I TPO-
LIEAYPU BUCOKOTO TMOPSIKY, MOB'SI3aHI 31 3aCTOCY-
BanHsM MKE nans po3B's3Ky HemiHIHHUX 3amad
TiIPaBIliKK Ta TEIIOOOMiHY, HE NAIOTh CYTTEBUX
nepesar y 4aci MOpIBHSHO 3 METOaMH KIHIIEBHX
PI3HAULb NIPY 33/1aH1A TOYHOCTI PO3PAXYHKIB.

3icTaBieHHs PO3TISHYTHX METO/IB JIa€ 3MOTY
3pOOUTH TaKi BUCHOBKH:

— IPH PO3PaXyHKaX HEyCTallCHUX Hei30TepMi-
YHHUX PESKUMIB IS 33724 B OMHOMIPHIN TTOCTaHOB-
i e)eKTHUBHIIIIE 3aCTOCOBYBATH METOJ] CITOK, IIPH-
YoMy TiepeBary Ha/IaloTh HESIBHUM CXeMaM;

— IIpH PO3B'SAI3yBaHHI 3a/1a4 y JIBOMIpHIN 11O~
CTaHOBIIl JUISI Ta30IPOBOJIIB HEBEIHMKOI JIOBKUHH
3py4YHO BUKOpHcTOBYBaTH cxemu JIOM i M3H;

— JUISl Ta30MPOBOJIIB BEJIMKOI JIOBXHHH, a Ta-
KOXK Ui PO3PaxyHKIB CKIaJHHX Ta30TPaHCIOpT-
HUX CHCTEM IpH JBOMIPHOMY OIKCI Tedii rasy Jo-
LLTBHO BUKOPHCTOBYBATH METOJI «TIPAMHX);

— TIpH PO3B'A3yBaHHI 3a1a4 i3 HENMPSIMOKYT-
HUMH MeXaMH (30KpeMa 3ajadi TerjaooOMiHy 3
IPYHTOM, SIKHH Ma€ CKJIAJHY TOBEPXHIO) MOXKIIHBE
3aCTOCYBaHHS IHTErpajbHOTO METO.Y;

— BHKOPHUCTaHHSI METONy CITOK € e(eKTHBHi-
MM, SIKIIO 3aCTOCOBYETHCS CXEMa IHTerpyBaHHS
3a YacOBOKO 3MIHHOIO HE HHUXKYE JIPYroro MOPSIKY.
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