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PO3BUTOK AHAJIITAYHIX MOJEJEN KOMIIAKTHUX MOHOITOJIbHUX BUXPOBUX TEYIN

Background. Mathematical description of vortex flows as a part of basic fundamental concepts of continuum mechanics,
hydro- and gas dynamics, thermal physics, theoretical basics of chemical engineering, geophysics, meteorology.
Objective. Replenishment of existing information in traditional scientific, technical and educational publications
about vortices and their analytical models by new data for scientists, teachers, post-graduates and students with the
purpose of using in further investigations of fluids and gas vortex motion.
Methods. Analytical review of existing vortex current models, including monopole compact vortices, on a basis of the
latest data from scientific articles and specialized monographs and their comparison with traditional data containing
in the known textbooks and educational materials.
Results. The lack of modern compact vortices models was revealed in traditional scientific, technical and educational
literary sources. They include the compact analogs of the point vortex and Rankine vortex: quasi-point vortex and
compact compensated vortex. On basis of these ones and similar to them solutions (circular vortex, vortex with triad
constant vorticity zones) the models of compact helical flows and vortices with helical symmetry were elaborated.
The solutions of such tasks were analyzed: diffusion of compact vortices (Taylor vortex, Kloosterziel solution), turbu-
lent diffusion of compact vortex, solutions for quasi-compact (laminar and turbulent) vortex-source, vortex-sink and
also solution of the problem about compact turbulent vortex generation by rotating cylinder. All considered models
are consistent with the energy conservation law and have advantages in their use.
Conclusions. The article contains series of the latest analytical models that describe both laminar and turbulent dy-
namics of monopole vortex flows which have not been reflected in traditional publications up to the present. The fur-
ther research must be directed to search of analytical models for the coherent vortical structures in flows of viscous
fluids, particularly near curved surfaces, where known in hydromechanics “wall law” is disturbed and heat and mass
transfer anomalies take place.
Keywords: compact vortex; analytical models; ideal fluid; viscous fluid; laminar flow; turbulent flow; vortex diffusion;
vortex generation.
Beryn CTIOCTEPIra€eThCsl y MPUPOi, B 1abOpaTOpHUX 1 YuC-
JIOBUX €KCIIEpUMeEHTaX, IMOTpeOye iHIINX ITOSICHEHbD.
OCKiIbKM KOTE€PEHTHI BUXOPU MalOTh CKiHYEH-
HUIi MaciuTad, TO MPUPOIHO, 110 iX eHepris odep-

HesBaxaioun Ha CBOIO pi3HOMAaHITHICTb, ITpH-
pOOHI SBUILIA MaIOTh Y3TrOIXKYBATUCh i3 3aralbHUMU

3akoHaMM (isuku. OgHaK, K MOKa3yloTh aKTUBHi
JOCJTIIXEHHST Y BUXPOBIiH TiipoMexaHilli, Teopist (hop-
MYBaHHSI, €BOJIIOLII Ta B3aEMOIii BUXPOBUX YTBOPECHD
pi3HOI MPUPOAM 1lIe AajeKa A0 CBOTO 3aBepIEeHHS,
0CcOOJIMBO 3a YMOB TypOyJieHTHOiI Teuii. Hanpuknan,
HEepiBHOMIpHUI MOpOTpiB aTMocdepu Ta CBITOBOTO
OKe€aHy ITOPOIXYE TypOyJeHTHUI TEILTOMAacOOOMIH.
Auie TypOyJIeHTHUI PyX CYLIJIBHOTO cepeaoBulla (pi-
JIWHU, razy) i3 MpUTaMaHHOI CTOXaCTUYHICTIO MO-
K€ BUPOIKYBATHCS Y TI€BHI KOT€pEeHTHi CTPYKTYpY —
y3roKeHi, BiTHOCHO noBrovacHi (“long-lived”) Ta, six
MpaBUjIo, cepeaHbOMACIITAOHI BiTHOCHO MacllITady
MOYaTKOBOI 00J1acTi TypOyneHTHOI Teuii. Teopist me-
peHOCy eHeprii TypOYyJIeHTHOCTi BiJi MaKCHMMaJbHO-
ro Maciurady sIBUIA IO MiHIMaJIbHOTO — “KacKam-
HUI MepeHoc” ax 0 B’$I3KOi AMCUIAllii, — SK CTajlo
3pPO3YMIJIUM, HE OMUCYE MOSIBU CEPEAHbOMACIITAO-
HUX BUXPOBUX CTPYKTYyp. OTXKe, Lel (peHOMeH, 1110

“ corresponding author: turick46@gmail.com

TaHHS TAKOX € CKiHYEHHOIO BEJIMYMHOI0. 32 OCTaHHI
30—40 pokiB 3’aBuIMCS Moaesi AUdy3ii KOMITAKTHUX
BUXOPiB. X0o4a BUXOD, 1110 AUDYHIYE, iCHYE TIEBHUI
yac, BiH JIOBOJIi CKOPO BUPOIXKYEThCA. Tofi K mo-
SICHUTU KOT€PEHTHICTh MPUPOIHUX BUXOPiB? OnHUM
i3 MOILUTOBXIB 10 YCBiIOMJIEHHS 1IUISIXY 10 3HAWIeH-
HSI BIiOIIOBiAi cTaB IIMPOKO Bimomuit (paxTt Impo Te,
1110 B aTMOc(epi i1 okeaHi, 3a HasIBHOCTI CTiliKO1 Bep-
TUKaJIbHOI cTpaTtudikaliii (3MiHM TYCTMHM 3a Bep-
TUKAJILHOK KOOPAWHATOIO), BMXKMBAE JIMILIE TIEBHUIA
THIT 00epTaHHSI. MoBa e Ipo 00epTaHHS HAaBKOJIO
BepTUKaybHOI oci [1]. I 1e moB’sd3aHo i3 A€o0 cuaun
ApxiMmena, sIKa ITOJAB/IIOE PyX HAaBKOJIO TOPU3OHTA-
JIbHOI OCi Ta 3aJlMIlIa€ MepeBaXKHO OOepTaHHS Ha-
BKOJIO BEPTMKAJIbHOI, OCKIJIbKM HE 3/1aTHA BIUIMBaTU
Ha LIEW TUII PYXY.

SKI110 YyCBIIOMUTH IIOMHO CKa3aHe, TO BiIMo-
BiZlb 1110710 (DeHOMEHY iCHYBaHHSI KOI€PEHTHUX KOM-
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HaKTHUX BMXOPIB CJiA IIyKaTW Ha MiACTaBi 3a3Ha-
YeHUX BUIIE 3arajibHUX 3aKOoHIiB ¢iznku. OmHak Bi-
JIOMO, 1110 iCHyIOYa Ha ChOTONIHiI MaTeMaTu4yHa ¢Gop-
MaJli3allisg IMX 3aKOHIB y MEXaHilli piiuH i rasis He
JIa€ 3MOTM LIJIKOM BIIEBHEHO CTBEPIKYBATH, 1110 PiB-
HSIHHS J00pe OOyMOBJIEHi i HEelepepBHO 3ajexXaTb
BiJl TOYaTKOBUX NaHUX. AKe 3IMIIAETHCS BiIKpU-
TOIO IIpoOsieMa po3B’s13HOCTI piBHSIHL Hap’e—CToK-
ca — JIOBEJEHHS iCHYBaHHSI, EAMHOCTI Ta peryJsipHOC-
Ti PO3B’SI3KiB LIUX piBHSIHb. BomHOYAac MeBHi Tigpome-
XaHiuHi SIBUILA Y B’SI3KOMY, a TUM I1aye iaeajibHOMY,
€JIEKTPOHEUTPAIbHOMY CEepPeIOBMIL BIAETHCS TPU-
OJIN3HO 3MOJEJIOBATHA, TOOTO OMUCATU PIBHSHHSMU,
1110 MalOTh PO3B’s13kK. OYEBHUIHO, CaMe Ti PO3B’SI3KH,
SIKi TIEpETBOPIOIOTh AUCUIIATUBHI JOJAHKU Y PiBHSIH-
HSIX Ha HyJb, i OyayTh BiAIIOBiAaTH JOBTOXWBYYUM,
TOOTO KOTe€peHTHUM, CTpyKTypam. KiiacuuHi Moneri
BUXOPIB, 110 iCHyBaJli JO HENABHLOIO, 3aJ0BOJIbHSI-
I0Th 1[I0 YMOBY, aJl¢ BOHU HE OMUCYBAJIM KOMIMAKTHI
CTpYKTypu. JIulle 3aCTOCYBaHHSI TAKOTO TMOHSTTS, SIK
KOMIIEHCOBaHICTb BUXOPY, JaJI0 MOXJIMBICTb 1MOOY-
JTyBaTU ILIIyKaHi MOJIEJTi.

Ha xanb, morenep y KiIaCUUHUX MiApyYHHKaX
3 MeXaHiKM piIWHU Ta rasdy, Hampukian y [2, 3] Ta
iHIIMX, BOHU TOKMU 110 HE MAlOTh HAJEXHOIO Bifo-
OpaxkeHHsl. TpaguliiiHO MOXHA 3HAWUTU TPU-YOTUPU
aHAJITUYHI MOJeJli BUXpOBHUX Tediil. MoBa iime 1mpo
BUXPOBi Teuii, Y SIKMX pilMHa 00epTAETHCS HABKOJIO
oiHOroO ToJjtca (oci), — Tak 3BaHi MOHOMOJi. 30-
Kpema, 11¢ TOYKOBUI BUXOP, MOJAEIb BUXOPOCTOKY—
BUXOpOKEpena, SIKi TpaguLliiHO MoOydoBaHi IS
YMOB TIOTEHIiaJIbHOCTI Teuil, Buxop PeHKiHa, cKia-
JEeHU i3 MOTEHLIaJIbHOI Ta YMCTO BUXPOBOI Yac-
TUH, i Modenb audy3sii Buxopy. OCTaHHSI MOJEIb,
Ha BiAMiHY BiJ momnepenHixX, nepeadavyae iCHyBaHHS
CUJI B’SI3KOCTi. 3 iHIIOro OOKy, Cil 3a3HAUUTH, 1O i
TOYKOBMI BUXOp, i BUXOp PeHKiHa MOXHa TpakTy-
BaTU K alpoKCHUMallil po3B’sI3KiB PiBHSHb B’SI3KOIl
piovHU, 30KpeMa 3a YMOBM HyJIbOBOI audy3ii. Abo,
HaIpuKJyaa, MOJIeIb TOUKOBOTO BUXOPY € aHATiTUY-
HUM pPO3B’SI3KOM DPiBHSIHb, 1110 OIMCYIOTh JUHAMIKY
B’SI3KO1 PiIMHU — SIK JaMiHapHY, TakK i TypOyJeHT-
HY — 3@ YMOBU CTaJIOro KoedillieHTa TypOyJeHTHOI
mngysii. Aje e He IPOCTO PO3B’SI30K, a TaKWid,
110 mepeadavyae BiAIIOBIAHMU pO3MOMiN IIBUIKOCTI
y MPOCTOpi, AN SIKOro Aist nudy3ii 3BOAUTHCS Ha-
HiBelb. IIpy BCiii MpOCTOTI 3aCTOCYBaHHSI TOYKO-
BUII BUXOp HE BIiINOBIZAa€ peaJlbHUM TedisaM, SIKi
MarTh CKiHYeHHi po3Mipu. Tak, HanmpuKiaza, BUXpPO-
BY J0pixkKy KapmaHa, — KJTacM4YHy Teuilo Mo3a TiJloM,
sKe OOTIKa€e pimvHa, — JWIIe HAOJMKEHO MOXHa
OITMCaTH TS TTapHOI KiIbKOCTI BUxopiB. [l1a Hemap-
HOI KiUJTBKOCTI BHXOpIB Tedisl ITOOJIM3Y IIOMHO yTBO-
PEHOTo HeMapHOro BUXOPY MOBMHHA MOIIMPIOBATH-
cg AyXe JajleKo Bil TiJJa MOHIOHO IO TOYKOBOTO

BUXOPY, a €HEpris TaKol Tedii € HECKIHUeHHOI0. AJie
1IbOTO, SIK BiIOMO, HEe CIOCTEPIra€ThCsI.

3a3HaveHi Mojesti Haby/IM MOJANbILIOTO PO3BUT-
Ky. KpiM 1poro, 3’sIBUIMCSI HOBi aHAJliTUUHI MO-
JleJli — aBTOMOJIENIbHI PO3B’SI3KH, 1110 OMUCYIOTh SIK
JlaMiHapHy, TakK i TypOyJeHTHY AMHaMiKy BUXODiB
CKiHYEHHMX PO3MipiB, a00 TaK 3BaHUX KOMITAKTHUX
BUXODPIiB, y SIKUX YCi XapaKTepUCTUKMU CIadaloTh 3
€KCITOHEHIIiaJIbHOIO 1IBUKICTIO. Bu3HauHMiA BHECOK
y IbOMY HampsiMi 0yJ10 3po6ieHo B.dD. Koznosum [4],
SIKMIA, IO CYTi, YBiB T€pMiH KOMIIEHCOBAaHOIO BH-
XOpYy U MPUCBITUB 0arato poKiB PO3BUTKY MoJeieit
BUXPOBUX ILISIM (KOMITAKTHUX BUXOPiB). Y aHIJIOMOB-
Hili JiTepaTypi aHajoroM Ha3BU “KOMIIEHCOBaHUM
BUXOp” € TEPMiH “Tedis i3 HyJIbOBOIO 3arajIbHOIO LIMP-
KyJsiieo” [5].

ITonoBHeHHs icHyrO4Oi iH(MOpMallii PO BUXO-
pY Ta iX aHAJITUYHUI OMUC HOBMMM JAaHUMU BBa-
J)KaEMO KOHYE MOTPIOHMM IS HAYKOBIIIB i BUKJIaaa-
YiB, aCMipaHTIB i CTYIEHTIB CTAapIINUX KYpPCIiB 3 METOIO
BUKOPUCTaHHS Y TOJATBIINX AOCITIIKEHHSIX BUXPOBO-
ro pyxy Yy i3ulii CyLIJIbHOTO CEpeaoBUILIA, TiApora3o-
JMHAaMILl, Teru1o(i3ulli, XiMiuyHill TeXHOJIOTII TOIIO.

ITocTranoBka 3axaui

PoGoTa mpucssiueHa cucTemaTu3alii Ta y3a-
raJIbHEHHIO MaTeMaTUYHOTO iHCTPYMEHTAapito JOCTijI-
JKE€Hb BUXOPIB Y CYLIUIbHUX €JIEKTPOHEHUTPaTbHUX Ce-
penoBuuax. MeTta poOOTU — MO3HAMOMUTH YMTaya
3 HOBUMHU AHAJITUIHUMHU MOICISIMA KOMITAKTHHX
MOHOIIOJIbHMX BHUXPOBUX TeUill SIK imeajbHOI, TakK i
B’3KOi HECTMCJIMBOI PiIMH Yy CKiHYEHHOMY ITIpOC-
TODI, 10 3’SIBUJIUCS B JIiTepaTypi 3a OCTaHHi TPU—YO-
TUPU JECSTUIIITTS.

KomnakThi ananorm Buxopy PeHkiHa i TOYKO-
BOTO BUXOPY

JloriyHo moyaty 3 HOBUX pe3yabTaTiB, 110 YTOY-
HIOIOTh MOJEJi HAWIPOCTIIINX BUXPOBUX TeUill —
TOYKOBOI'O BUXOpY Ta Buxopy PeHkiHa. AK Bimomo,
Buxop Penkina [4, 5] onmuCyeTbcsl TaKUMU CITiBBiJI-
HOLUEHHSAMH TOJISl a3UMYTaJIbHOI IBUAKOCTI V, Ta

BEPTUKAJIbHOI KOMIIOHEHTH pOTOpa Q. :
Vor
2 0<r<a, 2V,
Ve = Va Q. =2 qa’
a
0
——, r>a, 0,
r
ne V, — macwTa® IWIBHMOKOCTI, @ — pagiyc sapa
BUXOpY, ¥ — TIOTOYHMI paiiyc.

Ileit BUXOp MiCTUTbH SApPO 3i CTAJIMM 3HAYEH-
HSIM KYTOBOI IIBUAKOCTi, 30BHi sIpa Teuis BBaxka-
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€TbCSl MOTEHILiaTbHOK, TOOTO 0e3BUXPOBOIO. 3rif-
HO 3 LIi€I0 MOJEJUTIO, pilMHA MOBMHHA 00epTaTUCs
CKpi3b y 1poctopi. HeBaxxko nmepekoHaTuCh, 110 Ki-
HETUYHA EHEeprisl TAaKOro pyxy € HecKiHyeHHol1o. Lle i
cTano (opMaIbHOIO MiICTaBOIO IS PO3POOKM OLIBIII
JIOCKOHaJI01 Mojesli. 3 MeToIo Il MOKpallleHHS Maii-
Ke COpokK pokiB ToMy M. CtepH [5] npu BUBYEHHI
CTilIKOCTi OKeaHIYHUX BUXOPIB BUKOPUCTAB IIPOCTY
MOJIEJb:

~ ~2 ~2 ~

v, =| - fV ‘| 1<F<Ry,, (D)
FR-1 R
0, #>R,

B (1) “xBuner0” no3HaueHO GE3pO3MipHi BeJu-
YHM, HOPMOBAaHI Ha BiAIIOBiIHI 3HAYEHHSI BITHOCHO
paniyca snpa Buxopy (3okpema, R, — 0e3po3MipHe
3HAYEHHSI TIOBHOTO pajliyca BUXOPY).

V cBoiii poooti M. CTepH He HajaB >KOIHUX I10-
SICHEHb Ta OOI'PYHTYBaHb BUKOPUCTAHHS TaKOl MOe-
Ji. Heszanex#o Big M. CtepHa, He Tak JaBHO OyJia Io-
CTaBJIEHA 3a/1a4ya Mpo 3HANUIEHHSI KOMITAKTHOTO aHa-
Jjora BUXopy PeHkiHa — KOMIIEHCOBAaHOTO BUXODY.
VY pe3sysbrarti Oyj1a oTpuMaHa Taka Mojaesb [6] (puc. 1):

hr
bl
a
22
Vo Wal Ry —r
0= 2 _ 2]
r \Ry-a
0, r>Ry.

0<r<a,

as<r<Ry, )

YV dopmynax (2) yci BeIMYMHU MOAAHO Y PO3-
MipHOMY BUIJISIAI (30Kpema, R, — paniyc BHXOpY).

Vo
1-

0,81
0,6F
0,4t

0,2 ¢

0 05 1 15 2 25 3

r

Puc. 1. Po3nonin mBUAKOCTI B KOMIIAKTHOMY KOMIIEHCOBAaHOMY
BUXOPI

Mopnenb (2) — 1ie HACHiAOK 3aCTOCYBaHHS yMO-
BU KOMITEHCOBAHOCTI TOJISI 3aBUXPEHOCTI, sIKa BU-
KOPUCTOBYE CITiBBIAHOILIEHHSI MOJISI a3UMYTajbHOI

LIBUAKOCTI Ta BEPTUKAJIbHOI KOMIIOHEHTU 3aBUX-
PEHOCTI:

1}"
Vo =—|rQ. dr. 3
g rirzr 3)

Axuo mpaBa yactuHa (3) JOPiBHIOE HYJEBi
MpU iHTErpyBaHHIi MO BCii 00sacTi BUXOpPY, TO BiH
€ KOMITEHCOBAaHUM i, SIK HACJilIOK, KOMIIAKTHMM.
ITpoctolo MOBOIO, iHTErpPaIbHO LIUPKYISLIST IIBUI-
KOCTIi 10 BCbOMY 00’€MY BUXOPY MOBMHHA JTOPiBHIO-
Batu Hymo. Lle nocsiraeTbecs Juiile 3a yMOBH, 11O Y
Takiil Teyii BepTUKajbHa KOMIIOHEHTAa POTOpa IIBUI-
KOCTi Ma€ He OJHE 3HAYeHHS, a MpPUHAMHI IBa,
SIKi KOMIEHCYIOTh OJHe 0AHOTO 3TigHO 3 (3). Tomy
i BUHUK TaKWil TepMiH, K “KOMIIEHCOBaHUIi” BU-
xop. i1 UWIHAPUYHUX BUXOPiB KOMIICHCOBAHICTD,
TaKUM YMHOM, € CUHOHIMOM KOMMAKTHOCTi, a TOY-
Hillle — CKiHYEHHOCTi po3MipiB. OCTaHHE 3ayBaxkKeH-
HSI CIIyLIIHE TOMY, 1110 Y Bimomiii MmoHorpadii I1. Ced-
¢dmeHa [7] KOMITAKTHICTh BU3HAYAETHCS SIK CITaJaHHs
abCOJIIOTHUX 3HAY€Hb YCiX XapaKTepUCTUK 3i IIBUI-
KICTIO €KCIIOHEeHTH. fIK Oyme moka3aHo Oaji, 1ie BU-
3HAUYEeHHs OuIblle MiAXOAUTh A0 IUTYYHO CTBOPEHUX
BUXOPiB, HATOMICTh Yy IPUPOIHUX YMOBaX BUXOpPU
MalOTh YiTKO BUPaXEHY 30BHIlIIHIO MEXY.

Haii6inpi mommpeHow MOS0, 10 BUKO-
PUCTOBYETLCS TIPU IOOCTIIKEHHSX, € TaK 3BaHUM
TOYKOBUI BUXOD:

A 4)
2nr
Y (4) i pani T' — HUPKYJSILiS TOJAST IBUIKOCTI.
Henonik miei Momesi Toit caMuii, 10 i BUXO-
py Penkina. Kinbka pokiB ToMy B JjitepaTypi 3’s-
BMBCSI KOMITAKTHMI aHAJIOT TOYKOBOTO BUXOPY:

r r?
Vy=—I|1-—|. 5
T R%/ )
Bin orpuMmaB Ha3By KBa3iTOYKOBOro Buxopy [8],
OCKiJIbKUA YK€ ONMU3bKWI1 10 TOYKOBOTO (MOpPiBHSIIA-
Te BUpa3u (4) i (5) Ta Kpusi Ha puc. 2).

Vo
10 1

2 4 6 8 10

r

Puc. 2. AsuMmyTanbHa IIBUIOKICTh 3TiTHO 3 MOAEJSMU TOYKOBO-
ro (/) Ta KBa3iTOYKOBOTO (2) BUXODiB
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KomnakTHuii KijiblieBUii BUXOP i BUXOP i3 TPbO- Q,, 0<r<a,
Ma 00JaCTSIMHU CTAJOI 3aBUXPEHOCTI
p Ql’ asr< Rl’ (7)
_ 2 2 2
IMepw 3a Bece MoBa iiTMMe He mpo Buxpose % = | _ 04 +291(R; —a ), R <r<R,,
KiJIbLIE, @ TIPO BUXPOBY TEYil0 y KiJbLEBilA 00J1aCTi. R; - R
Sx Oyno 3a3HayeHo BUIE, MJISI TOTO, 100 BUXOpP 0, r>R,

MaB CKiHY€HHI pO3MipH, 30BCiM HEIOTpiOHO, abu i10-
ro oOMeXyBaJjia 30BHIIIIHS CTiHKA YW iHIIA TPaHMWIIS.
Konm BuxpoBa Teuiss Ma€ Miclie y KiJblLieBiii 00J1acTi,
TO BUSIBJISIETBCS, 110 aHAMITUYHUIA pO3B’SI30K IIPOC-
TO 30Iira€TbCs 3 TEUIi€I0 MiX JTBOMa KOHILIEHTPUYHU-
MU IyaiHgpaMmu. JlificHo, KOMIIEHCOBaHUI KijblIe-
BUIA BUXOP Ma€ Taki XapaKTepUCTUKHU [9]:

Q0(”2 —R(z))
2r ’

Q, (Ry+a)* - R}

7 {(Ry+ R))? = (Ry + a)>

Ry+a<r<Ry+Ry

0, r>R,

Ry<r<Ry+a,

(Ry+ R))*-r?
2 b

(6)
Q; Ry<r<Ry+a,
_Q((Ry+a)* - RY)

Q.= (Ry+R))*-(Ry+a)*’
Ry+a<r<Ry+Ry,
0, >Ry,

ne Q, — MakCMMaJlbHe 3HAa4YeHHS 3aBUXPEHOCTI;
R, — BHyTpIlIHIl paniyc BUXODY.

Ak 6aumMo, 11e MiATBEPIXKYE 3a3HAYECHE BUIIIE.
AJle TOJIOBHE Te, 110 TaKUi pO3MOAiN, K Terep
3p03yMijio, He 0OYMOBJIEHMI MeXaHi3MOM B’SI3KOC-
Ti — 1I€ MPOCTO KOMIIEHCOBAHICTh MOJISI BEPTUKAIb-
HO1 KOMITIOHEHTU 3aBUXPEHOCTI.

HocnimxeHHs B reodi3WuHiil rigzpoMexaHi-
i [10], atMocgepHMX BMXOpIiB, TaKMX SIK TOpHa-
Jo [11], a Takox JlabopaTopHi ekcnepuMeHTH [12]
CBimuaTh Mpo iCHYBaHHS Tedill i3 TppboMa 0bJacTs-
MU cTajoi 3aBuxpeHocTi. OTxe, Oyna po3pobOieHa
Taka MoJieJib BUXOPY 3 TpbOMa O0JIACTSIMU CTajIol 3a-
BUXpeHocCTi [9]:

0,5Qpr, 0<r<a,
2 22
Qua” +Q,(r" —a )’ a<r<R,
2r (7)
I/G_ Q 2 Q R2 2 R2 2
0d” + (R —a7) 2" Ri<r<R,
2r Ry - Ry
0, r>R,,

Ie a, R, R, — paziycu 30H BUXOpY 3i CTAJIOI0 iHTEH-
CUBHICTIO; g, Q| — BiAMOBiHI 3aBUXPEHOCTI.

Vo
0,5r

0,41
0,3F
0,2

0,1F

0 L L L
1 2 2
-0,1F r

Puc. 3. Posmnonin azumyTanbHOI IIBUAKOCTI Y BUXOPI i3 MIPOTU-
Teviero

3 TOYKM 30py MaTeMaTUKM, Y TaKuX Tediil a3u-
MyTajbHa IIBUAKICTh PITMHU MOXE 3MiHIOBATH 3HaK.
Ha puc. 3 ue vitko BuaHo. ToMmy Taky Tedito MoxKHa
i IOLJIbHO Ha3BaTU KOMITAKTHWM BHUXOPOM i3 TpO-
TUTEUIElO.

Mopeni KOMIAKTHUX BUXOPIB i3 TBHUHTOBOIO CH-
MeTpi€lo

IcHyIOTH Taki BUXpOBI Tedii, B SIKHMX YCi Xapak-
TePUCTUKU TeYil € CTAIMMU y3I0BX T'BUHTOBOI JIi-
Hil, 110 BU3HAYAEThCS CHiBBimHOMEHHIMU [13]:

r=const, z-0/=const, h=2nl,

e A — KpOK TBMHTOBOI JIiHil.

Ipu oMy, sxio / > 0, To cuMeTpisli Ha3MBa-
€ThCSl MPaBOIO0 I'BUHTOBOIO, a Ko / < 0 — Biamo-
BigHO, JIiBOIO.

L1i Teuii MalOTh, KpiM a3UMYTaJIbHOI, 11Ie 1 OChO-
BY KOMIIOHEHTY IuBuAKocTi V;. BoHu mnop’s3aHi
CHiBBIIHOIIEHHIM

_po_r
Ve=Ve =7V

AHaJIITUYHI MOJeNi TaKuX Tediid po3poOJIeHO

y [13—16]. HenonikoM ycix 3a3HaueHHUX poOIT € Te,

1[0 TTOJISI IUBUIKOCTI Y HUX He € KoMOakKTHuUMu. Lleit
HeaoJliK ycyHyTo B [17], Ie Ha miAcTaBi ysIBJIEHb PO
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BiZIOMi KOMITaKTHi BMXPOBi Teuii MoOyaoBaHi Biaro-
BimHi Mozaeni. Po3mistHeMo ix.

1. Iepua Momesb BiANOBIA€E Tedil, y SKiid a3u-
MyTajibHa IIBUIKICTb OMMUCYETHCS 130JIbOBAHUM Trayc-
cianom [18] abo Buxopom Teiinmopa [19]:

2 2 2
Vo :%exp(—%]; V, = —%exp(—%}.

Taxkuii TUIT BUXOPY MOXJIMBMI Jivilie B 00JaCTi pi-
muHu 0e3 rpanuib. Ane, 3a I1. Cedpdmenom [7], BiH
€ komnakTHuM. Ha puc. 4 iM Binnosizae kpusa 2.

-0,5 -
V.

k4

Puc. 4. Posnoninu ochoBOi WIBUAKOCTI: [ — 3a MOAEJUIIO KBa3i-
TOYKOBOT'O BUXOPY; 2 — 3a MOJAEJUIIO i30JIbOBAaHOTO Irayc-
ciana (Buxopy Teiimopa)

2. JIpyra Monenb BinmmoBimae Tedii Ha ITizcTaBi
KBa3iToukoBoro Buxopy (5) (muB. puc. 4):

Tr P2
V. =—|1-—]|. 8
z 2751[ R%,J ®

3. Tpetst MoJe/Ib BUKOPHCTOBYE SIK a3UMyTajlb-
HY LIBUAKICTb KOMITAKTHUI aHajor BUxopy PeHki-
Ha (1):
2
K
al
2 2
_Wea| Ry —r
I \ R}, -a?

0, r>Ry.

, 0<r<a,

N‘
Il

J, as<r<Ry,, 9)

Hyxe 6nusbkoro 10 (8) € opmyna Eckionbe [20, 21]
IUTST a3UMYTaIbHOI IITBUIKOCTI:

r r? or
I/e = ﬁ|:1 —exp[—EH +7,

Ie o, R, — JIesiKi KOHCTaHTH.

s ¢opmyna, 3 BUKOPUCTAHHIM YMOBU KOM-
MEHCOBAHOCTI BUXOpY, Ma€ BUmsy [17]

r P2 r R?
oo sl ]

BinnoBimHuii BUpa3 1151 TTO300BXKHbBOI KOMIIOHEHTHU
IIBUAKOCTi Ma€ TaKUH BUIJISIA;

r r r R:
V,=-7=|1- —— ||+ ——| 1~ 2
: w{ exp[ REﬂthRf,l{ exp( Riﬂr

Ha puc. 5 xkpuBa 2 BinnoBinae came iii.

Puc. 5. Po3noainu ockoBOi MIBUAKOCTI: / — BinmoBimae ¢opmy-
naMm (9); 2 — 3 BukopuctanHsaMm dopmynu Eckynbe

4. YerBepTa MoJeab 0a3yeTbCs Ha YSBJIEHHI
PO MOPOKHUCTUN (KiNblLeBUI) KOMIAKTHUI KOM-
MeHcoBaHuii Buxop (6):

——QO(rz_R%), Ry<r<Ry+a,
2/
Vo _&[ (Ry+a)* - R} J (R0+Rv)2—"2
¢ ! (R0+RV)2_(R0+a)2 2 ’
Ry+a<r<Ry+Ry,
0, r>R.

5. Hapemrri, m’sita Monenb BiJlIOBiZaE KOM-
MAaKTHOMY KOMIIEHCOBAaHOMY BUXOpPY 3 IPOTUTEYi-
e (7) (puc. 6):

2
—TO,SQO, 0<r<a,
2 2_ 2
_Qua” +O(r7 -a’) a<r<R,
V, = 21
Qaz+Q(R2—a2 R2 —/?
— (R —a) 2—— |, R<r<RgR,
2 Ry - Ry
0, r>R,.
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-1r

2+

Puc. 6. Posmonia ochOBOI LIBUAKOCTI Y BUXOpi i3 TBMHTOBOIO
CUMETpI€I0 Ha MiICTaBi BUXOPY 3 MPOTUTEUIEI0

Xoya Taki Tedil, fIK IMOKa3yloTh HaBEICHI IpH-
KJ1aay, po3MISAaloThCsl B paMKaxX MOJENi HEB’s13KO1
PiIMHM, iICHYIOTh TaKOX KOMIIAKTHI BUXPOBIi Teuil y
peabHUX piivHaX, TPUYOMY IO IUBUAKOCTI B HUX
MOXHa OINMCYBaTW HaBEJEHUMU BUILE MOACIISIMMU.

Mopeii KOMIIAKTHUX ITBUHTOBUX Tediii

Teuis1, y sKili BEeKTOpU ILIBUAKOCTI Ta poTopa
LIBUOKOCTI € KOJiHeapHUMU, HA3UBAETHCS 26UHMO-
60r0. 3TiTHO 31 CKa3aHMUM, JJISI TBUHTOBOI Tedii Ma€
MiclIe CITiBBiIHOIIIEHHS

rotV = AV. (10)

VY nuninapuyHux KoopauHaTtax (10) HaOyBae Bu-
TSIy
oV _ Wy Lotrhy) _ V.
0z r or

Heo6GiznaHomMy B wiii obyacTi ¢axiBLO JIerKo
NeperiyTaTi TaKy Tedilo 3 pPO3IJISHYTUMM BMILE.
Piu y TiM, 110 [Is1 Tediil i3 TBUHTOBOIO CHUMETPI€EIO
4acTO BUKOPUCTOBYIOTb TepMiH helical. YTiM ueit
TEPMiH BIJIIOBIZAa€ caMe TBMHTOBUM TeuisaM. TepMiH
eeunmoea meuis OyB yBeneHuii y 1881 p. I. I'pome-
Ko10 [22], oTXe, OLIbII HiXX CTOJITTS ToMy. Jluiie ye-
pe3 JieKisibka poKiB MoToMy HesanexxHo Bia 1. I'pome-
K omy0stikyBaB cBoto mnpatito E. benbrpami (1889 p.).
AJle, Ha Xajb, TPAAULIHO B OIBIIOCTI BMUITAIKiB
TaKy Teyilo iMeHYyIOTb Teuielo benbTpami.

I'BUHTOBI Tedil po3MISAaloThes SIK TakKi, 10 €
HeB’siskumu [13, 23]. [ificHO, BU3HAYE€HHS MOJIS
OCHOBOI KOMIOHEHTH LLBUIKOCTI OTPUMYETHLCSI came
i3 BU3HAUYCHHSI TBMHTOBOTO PYyXy, a HE 3 PiBHSIHB
pyxy. Kigbka pokiB TOMy, Ha IiJCTaBi HaBeAEHMUX
BUILE MOJE/Ie KOMIAKTHUX BUXOPiB, Oy OTpUMa-
Hi aHaNITUYHI PO3B’SI3KM, SKi, HA BiAMiHY Bil ycCiX

MOIIepPEeaHIX, YK€ BpaXOBYBAJIM KiHLIEBUI pO3Mip
BUXOpPY B padialbHOMY HanpsiMKy [24]:

1) KOMNaKTHUI TBUHTOBUIA KOMIIEHCOBaHUM
BUXOD);

2) KOMITAaKTHUI TBUHTOBUI KilbLIEBUIA BUXOD;

3) KOMITIAKTHUI TBUHTOBUM BUXOpP i3 TpbOMa
obsacTamMu (CTaioi) 3aBUXPEHOCTI.

Ha 30BHilIHIN IpaHULi Te4dil 0OChOBA KOMIIO-
HEHTa LIBUIKOCTI y 3a3HaYEHUX MOMAEJSIX HE NOpiB-
HIO€E HyT10. B pamMkax mogjeli HeB’sI3KOi pilMHU 1ie
€ LiKoM NpuiHATHUM. OTXe, MOXHa 3a3HAa4YMTH,
1110 TIOBHICTIO TBUHTOBUX TeYiil y HEOOMEXEHOMY Ce-
penoBulli (TOOTO KOJY BUXOP He OOMEXEHUI 30B-
HIlLIHBOIO TPAHMIICIO) HE icHye. Biamosiab ciim 1iy-
KaTH 4epe3 YCKIATHEHHsI MOIEJi 3 ypaxyBaHHSIM
B’SI3KOCTi piguHu. OTpuUMaHi pe3yIbTaTH i CTAaHOB-
JISITh 3MICT OPUTIHAJIIBHOI CTAaTTi.

Mopneai qudy3ii KOMIAKTHUX BHUXOPiB

IIpakTyHO B KOXHOMY MHiAPYYHUKY 3 Tigpo-
MeXaHiKM MOXHa 3HailTh Mopeab Auy3ii TOUKO-
BOT0O BUXOPY — TakK 3BaHUI Buxop Jlemba—O3eeHa:

2

Q -— 5
4yt

= ex
4nvt P
2

r r
Vo =—|1-exp|——||,
" onr P 4yt

Jle v — KiHeMaTW4YHa B’S3KiCTb piIMHM, ¢ — 4Yac.

3a3HaueHi po3B’SI3KM BiAIOBiNAIOTh BUXPOBIilt
Teyil HECKIHYEHHMX PO3MipiB. AJle 3a OCTaHHI JIecs-
TUPIYUs 3’SIBUJIMCSI HOBiI PO3B’SI3KHU, 1110 OMUCYIOTb
nugy3iro BuUXopiB. SKIIO BUXOP Ma€ CKiHUEHHUIA
pPO3Mip i Ipu LIbOMY AUMYHAYE, TO YMOBY KOMIIECH-
COBaHOCTi, a00 HYJbOBOI LMUPKYJISILIiI, TAKOX MOX-
Ha 3actocoByBaTtu. Tak, P.Kuycrepsiens [25] 3Haii-
IIOB aCUMIITOTUYHMI (1711 BEJIMKMX 3HAYE€Hb Yacy)
PO3B’30K, 1110 OMUCYE TMOBEIiHKY IOJISI 3aBUXPEHOC-
Ti ipu 1mdysii Buxopy. Moro po3s’si3oK BpaxoBYe
Te, 110 TOoJie 3aBUXPEHOCTi CKJIAAAETHCSI B KOXKHUMN
MOMEHT Yacy 3 IBOX YaCTHUH Pi3HOIO 3HaKa 3aBHXpe-
HOCTI:

2 r2

P\ T2

const r

IimQ(r;t) = 1
+

150 2t +1)°

Ha mincraBi momiOHMX aCMMNOTOTUK Y TOAANTb-
oMy Oyjia po3BUMHYTA aHAITMYHA MOEIb [26], 110
OIKCYE MOJIEKYJISIPHY MU(Y3il0 ITYYHO CTBOPEHMX
y JlabopaTopii IsIM y CTiliko cTpaTudikoBaHiil (y
BEPTUKAJIbHOMY HaIpsIMKY) piauHi (3a3Ha4MMO, 1110
i okeaH, i atMocdepa MalOTh BEPTUKAJIBHY CTpa-
TUdiKalio).
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Ockinibku B mpupoai (oKeaHu, MOpSi) OCHOB- 3a ocTaHHI JECSITWIITTS TakKoX OyJud YTOUHEHi
HOIO € HE MOJIEKY/ISIpHA, a TypOyJeHTHa udy3ist, TO  MOMIEIi BUXOPOCTOKY Ta BUXOpOmKepena. K Bimomo
B po0ori [27] Oyjo 3HaliieHO aBTOMOE/bHO-aHali- 3 MiIPYYHUKIB, 3a3HAYE€Hi TeUil OTPUMYIOTb SIK IPOCTe
TUYHUIA PO3B’SI30K ISl TypOyJeHTHOI Aucy3ii BU-  HakjiIagaHHS (CyNepro3uliilo) TOUKOBOTO BUXOPY i Te-
XOpY, IO OITMCYETHCS TaKMM aBTOMOIEIBLHMM piB- il Y BUIVISIAI CTOKY abo mxkepena [2, 3]. Tak, O. I'aii-

HSIHHSIM: ¢ysriH [28] oTpuMaB HOBI aBTOMOAEIBHI PO3B’SI3-
5 - _ KU 111070 3a3HaYeHUX Teuiid. Ajie 1ojie a3uMyTaJIbHOI

aQ [l + 3 jd_Q + MQ -0 IIBUAKOCTI ¥ IINX pO3B’SI3KaxX TaKOX HE € KOMITAKT-

dn* \n 2 )dn 2 ’ HuM. YKa3aHWii HeIOMIK TOf0MaHo B poboTi [29],

ﬁ JIe OTPUMAaHO aBTOMOIETbHE PiBHIHHS
ae Q) =Q(r,t)-t7% = t’r — aBTOMOIE/TBHA 3MiH- - A
. d-Q (1-A I+y dQ -
Ha; TTapaMeTpy @, b 3HAXOASTHCS 3 YMOB aBTOMOMIEITb- S+ - Re n|==+2Re(l+y)Q =0,
HOCTi pO3B’$SI3KiB i 3aJiexkaTh Bia TUITY Auys3ii Tolo. dn n 2 dn
3arajqpHuil po3’a30K Ma€ Burisad psiay. Ilpu
n = 3 BiH BiAMoBigae i301b0BaHOMY raycciany [18]
a6o Buxopy Teitmopa [19]: O = ZAkT]k_l’ k=13,
k

PO3B’S130K SIKOTO MOJAaHO Y BUISIL Py

ﬁ=( —§n2jexp(——n2)- .
4 4 KoedilieHTH 1bOro psimy 3HAXOAATHCI 3 pe-
KYPEHTHMX CHiBBIIHOILIECHb BUIISIILY

IIpu n > 3 mone mWBUAKOCTI Ma€ Ha nepudepil
MpPOTUTEYil0, a MOJE 3aBUXPEHOCTI CKIANAETHCS 3 Re(k +n) (1+Y A
k .
2

TPbOX 00JacTell cTajgoro 3Haka (puc. 7). ka2 (k+D)(k+1-A)

2
0,25

0.2}
0,15
0,1F

0,05 f

0,5 7 0,5+

0 — ; . .
| S ' NN
r r
A=0 A=0,1 A=-0,1
0.5 05t
0
Puc. 7. ABTOMOIENIbHUI PO3MOALT WIBUIKOCTI (@) Ta 3aBUXpe- Puc. 8. Po3snozninu asumyTtasbHOI LWIBUIKOCTI (@) Ta 3aBUXpe-

HoCTi (6) Tipu n = 4, 110 BiJINOBiIa€ BUXOPY i3 TPOTHU- HocrTi (6)
Teviero
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Y HaBegeHUMX LIOWHO CITiBBIZHOLIEHHSAX Re —
yucno PeitHombaca, A = Q/K — mapamerp, 1110 03Ha-
Yya€e CHiBBIIHOIIEHHS ITOTYXXHOCTI IxKepesa abo CTo-
Ky Q 10 BeJIMYUHM TypOyJeHTHOi audysii K; y —
MOKAa3HUK CTEMNeHs yacy, 3a SIKUM 3MiHIOEThCSI KOe-
diuieHT TypOyneHtHoi nudyaii. [Tpuknanu rpadikis
(byHKIIiM a3uMyTaNbHOI IIBUAKOCTI Ta 3aBUXPEHOCTI
HaBeIeHi Ha puc. 8.

Mopaeii renepanii KOMIAKTHOTO TypOYJIEHTHOTO
BUXOPY

Y po6ori [30] Ha migcTaBi 3HAHbL PO CTPYKTY-
py TypOyneHTHoi Teuii Teinopa—Kyerra [31] oTpu-
MaHO aHaJIITUYHWIA PO3B’SI30K, 110 OMUCYE MOLIUPEH-
Hs1 B 4aci TypOyJIeHTHOTO BUXOpY, SIKUIA Ma€ CKiH-
YEHHUIA pO3Mip Y KOXXHUIA MOMEHT 4acy. OTpumaHe
aBTOMOJIeJIbHE PIBHSIHHS IS (PYHKUIl LTUPKYJISLil
wBUAKOCTI U, oro po3B’s130K i BiAMOBIIHUIA pO3M0O-
JIiJT a3UMYTaJIbHOI IIBUIKOCTI MalOTh TAKUI BUIJISI:

_ndl, _ 14U,

2 dn " Re dr]z ’
r vRe
US(T]) = Z l—erf T ,
Vo(r,t) = 2| 1 —erf| [REC=R)
2nr t 2

I'padhiku azumyTanbHOI LIBUAKOCTI, HaBedEHi
Ha puc. 9, 4iTKO BKa3yloTb Ha CKiHUEHHUI pPo3Mip
BUXOPY B KOXXHUI MOMEHT 4acy.

st Ginbl MOBHOTO OLJISIAY POOIT 3 BUXPOBOI
TEMaTUKU MOXHAa PEKOMEHAYBATHU OIJISIIOBY CTATTIO
B. Menemika i X. Apeda [32], B skiit BUKiaaeHo 0i-
ousiorpadito 3a Maiixke 100 mepimx pokiB iCHyBaHHS
miei ranysi Hayku. KopucHolo € Takox orjsijgoBa
po6ota I'. @ipa [33] 3 Momeneil KOMITAKTHUX BUXO-
piB y reoizuui. Hapeluri, 3aciyroBye Ha yBary craT-
1 M. CarixkuHa Ta iH. [34], ge yBara 3ocepemKeHa
Ha MOJEJSIX BUXOpiB, MOOYIOBAHMX HA aBTOMOJIEb-
HUX pO3B’sI3Kax.

Y TexHIYHUX MPUCTPOSIX BUXPOBI ITOTOKU OOMe-
KeHi TBEpIUMMU CTiHKAMU. [X CTPYKTypU Habarato
CKJIajHillI 3a HaBeleHi Bulle Moaeii. IToku 1o i
CTPYKTYpH BHBYAIOThCS B OCHOBHOMY €KCIEpUMEH-
tanbHO [35—37]. Piu y TiM, 110 116 — OcOOIMBHI
KJ1ac Teuiil i3 TBUHTOBOIO CUMETPI€I0, Y SIKUX CITO-
CTepiraeTbCcsl BTpaTa CTIMKOCTI Ta YTBOPEHHS TakK
3BaHUX KOTEPEHTHMX BUXPOBUX CTPYKTyp. Lli cTpyk-
TYpH iCHYIOTh MOOJIM3Y SIK (DiKCOBaHOI TBEPIAOI CTiH-
KU, TaK i PyXOMOi PiIMHHOI LUJiHAPUYHOI TpaHU-

i [38]. Aye aHaJorig i3 KOMIIAKTHUMHU TEUisIMA 3
IBMHTOBOIO CUMETPI€I0 UT HU3KM BUMAIKIB € oue-
BUIHOIO.

Vo
10

Ig (Vo)
10

0,2}
0,1 N - : ;
0,1 0,2 1 2 10
.

6

Puc. 9. AsumyTtanibHa WIBUAKICTH Y TYypOyJEHTHOMY BUXODi y
3BMYaiHMX (@) Ta y JorapucmiyHux (6) KoopauHaTax

IJIS1 Pi3HMX 3HAYEHD ¥ =1 (awxsi kpusi); 0,32 (ce-

penHi kpusi); 0,1 (BepxHi KpuBi)
BucHoBku

¥V poboTi HaBeAeHO HU3KY HOBUX aHATITUUHUX
Mojesiet, 1110 3 SIBIJIMCS 3a TOoNepeaHi TpPU—IOTUPU
JIeCATUPIYYs 1 ONUCYIOTh SK JIaMiHApHY, TakK i Typ-
OyJIeHTHY JMHAMiKy MOHOMOJIbHUX BUXPOBUX TEUiid,
ajie sIKi JoTernep He 3HaMIIIM HaleXHOro Bimoopa-
JKEHHSI B TPaIWLIWHUX MiIpPyYHUKaxX 1 HaBYaIbHUX
nocioHukax. Ilomanbiin JOCHIIXKEHHS CJIiA CIIpSIMY-
BaTH Ha TOMIYK aHATITUYHUX MOJIeJiell KOTepeHTHUX
BUXPOBUX CTPYKTYP Y TTOTOKaX B’SI3KO1 PilvHU, 0CO0-
JIMBO MOOJIM3Y KPUBOJMIHIAHNUX MOBEPXOHb, € ITOPY-
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LIYETHCS BimoMuMii y rigpomMexaHini “3akoH crinku”  TBeprmoro Tina KIII im. I. Cikopcbkoro B’suecnaBy
Ta MalOTh MiClle aHOMaJTil TEMJIOMacOOOMiHY. MukonaiioBuuy ['oplliKoBY 3a Oro KOHCTPYKTUBHI

3ayBaXKEHHSI, 1110 CIPUSUIM MOKPAIEHHIO BCTYITHOI
TTonska YAaCTUHU CTATTI.

ABTOpM POOOTU BUCIIOBIIOIOTH LIUPY TMOASKY
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M.B. Nyk'siHoB, B.M. Typuk

PO3BUTOK AHATNITUYHMX MOOENEN KOMMAKTHUX MOHOMONBHUX BUXPOBWX TEYIV

MpobnemaTnka. MatematnyHUIA ONMC BUXPOBUX TEYiN K YaCTUHW PyHAAMEHTaNbHUX NMOHATL (Pi3VKM CyLiNbHUX CepenoBuLL, Miapo-
rasoguHamiku, Tennodisnkn, TEOPETUYHMUX OCHOB XiMIYHMX TEXHOSOriN, reodi3nKkn, METEOPONOTil.

MeTa gocnigxeHHs. [1onoBHEHHS iCHyto4Oil iHopMaLii B TPaAMLIMHIN HAyKOBO-TEXHIYHIN Ta HaBYanbHiN niTepaTypi NPo BUXOpu
Ta iX aHaniTM4Hi MoZeni HOBUMU AaHUMK Ansi HAyKOBLIB, BUKNaAadiB, acnipaHTiB i CTYAEHTIB 3 METOK BUKOPWUCTaHHS y noganbLlumx 4o-
CRiSKEHHSX BUXPOBOIO PyXY PiAuWH i rasis.

MeToguka peanisauii. AHaniTUYHWIA OrNSA ICHYIOUMX MOAENEN BUXPOBMX TeYil, 30Kpema MOHOMOSbHUX KOMMaKTHUX BUXOPIB, Ha
niacTaBi HOBMX JAHUX HAyKOBMX CTaTel i cneuianizoBaHnx MoHorpadin Ta NOpPIBHAHHS iX i3 TPaAULIMHUMMN AaHUMW, L0 MICTATLCS Y Bifo-
MUX NiAPYYHMKAX i HABYaANbHUX NOCIGHMKaX.

Pe3ynbTaTu gocnigxeHHs. BusiBneHo BiACYTHICTb Y TpaguUiiHUX HayKOBO-TEXHIYHMX i HABYaNbHO-METOAUYHMX AXeperiax HOBIT-
HiX Mogenen KOMNakTHUX BMXopiB. [lo iX yMcrna MoXHa BigHECTM KOMMAKTHI aHanorn TOMKOBOrO BUXOPY Ta BUXOPY PeHkiHa: KBa3iTOuko-
BWIA BUXOP | KOMNAKTHUIA KOMMEHCOBaHUA BUXOP. 3 BUKOPUCTaHHSM iX | NOAIGHNX [0 HUX PO3B’A3KIB (KiNbLEBUIA BUXOP, BUXOP i3 TPbOMa
obnacTtsiMu cTanoi 3aBMXpeHOCTi) Byno po3pobneHo Moaeni KOMNakTHUX MBUHTOBMX BUXOPIB Ta BMXOPIB i3 rBUHTOBOIO cumeTpieto. [po-
aHani3oBaHO PO3B’A3KM 3afay Audysii KOMNakTHUX BUXopiB (Buxop Tennopa, po3s’sa3ok Knyctepsiens), TypbyneHTHOI andysii komnakT-
HOrO BMXOPY, PO3B’sI3kM 3a4ady NPo KBa3ikOMNaKTHi (NamiHapHe Ta TypOyneHTHE) BUXOPOAXEpEeno Ta BUXOPOCTIK, a8 TaKoX pPO3B’s30K 3a-
[adi Npo reHepauito KOMNAKTHOrO TypOyneHTHOro BUXOpY UMniHAPOM, Wwo obepTaeTbecs. HaBegeHi moaeni y3rogxyloTbCsl i3 3aKOHOM
36epexeHHs eHeprii | ToMy MaloTb NepeBary B iX BAKOPUCTaHHi.

BucHoBKkWU. HaBejeHO HM3KYy HOBITHIX aHaniTU4HUX MoAEenew, WO ONUCYHTb sIK NamiHapHy, Tak i TypOyneHTHY AuHaMiKy MOHO-
NOrbHMX BUXPOBMUX TeYil, ane ski JoTenep He 3HaWLWMWM HanexHoro BigobpaeHHs1 B TpaauuinHin nitepatypi. MNoganbwi gocnigXeHHs
Crif CnpsAMYyBaTV Ha MOLUYK aHaniTU4HUX MoOAenen KOrepeHTHWX BMXPOBUX CTPYKTYP Y MOTOKax B'A3KOI pigvHKU, ocobnuneo nobnusy
KPUBOMIHIHMX NOBEPXOHb, A€ NOPYLUYETHCS BiAOMUI Y FiApOMEXaHiLi “3aK0oH CTiHKW” Ta MaloTb MicLe aHoMarii TennomacoobMiHy.

Knio4yoBi crnoBa: KOMMNaKTHWUIA BUXOP; aHaniTUYHIi MoAeni; ineanbHa piavHa; B'a3ka piguHa; namiHapHa Teudis; TypbyneHTHa Teuis;
andysia BUXopy; reHepadis BUXopy.
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M.B. NlykbsiHoB, B.H. Typuk
PA3BUTUE AHATIUTUYECKMX MOAENEN KOMMNAKTHbLIX MOHOMOINBbHbLIX BUXPEBLIX TEUEHWM

Mpobnematnka. Matematnyeckoe onvcaHue BUXPEBBLIX TEYEHUW KakK YacTu dPyHAAMEHTanbHbIX MOHATUA (OU3UKU CMIOLLUHbIX
cpep, rMpporasoguHaMukn, Tennogusnkm, TEOPeTUHECKMX OCHOB XMMUYECKUX TEXHOMOTUI, reotn3nkn, MeTeoponorum.

Llenb nccnepgoBaHua. [ononHeHve cyllecTByoLwen MHopmMaumm B TPAAMLNOHHON Hay4YHO-TEXHUYECKON 1 y4yebHon nutepary-
pe 0 BUXPSAX U UX aHaNMUTUYECKUX MOAENSX HOBbIMU AaHHbIMM A5 HAay4HbIX paboTHWKOB, NpenogaBaTenen, acnMpaHToB U CTYEHTOB C
Lienbio UCNonNb30BaHWA B AanbHERLUNX NCCMEAOBaHNSAX BUXPEBOTO ABUMKEHUS XNOKOCTEN U ra3os.

MeToguka peanusaumn. AHanuTUYECKnii 0630p CyLLLECTBYIOLLMX MOAENen BUXPEBbIX TEYEHWUA, B TOM YMCIIE MOHOMOMbHbLIX KOM-
NaKTHbIX BUXPEW, Ha OCHOBE HOBbIX AAHHbBIX HAYYHbIX CTaTel 1 Cneuuanu3mpoBaHHbIX MOHOrpaduin 1 CpaBHEHME VX C TPaAVULMOHHBIMU
AaHHbIMUW, COAEPXaLLMMMNCS B M3BECTHbIX y4ebHMKax 1 y4ebHbIX nocobusx.

Pe3ynbTaTbl uccnegoBaHus. BbisiBNeHo oTCyTCTBME B TPAAMLIMOHHBIX HAYYHO-TEXHUYECKMX U Y4EBHO-METOANYECKNX UCTOYHM-
Kax COBPEMEHHbIX MoAenew KOMNakTHbIX BUXper. K nx 4ncny MoXXHO OTHECTU KOMMAKTHbIE aHanoryn TO4e4YHOro BUXps U BUXps PaHkuHa:
KBa3WTOYEYHbI BUXPb M KOMNAKTHBIA KOMMNEHCMPOBAHHLIN BUXPb. C MCMONb30BaHMEM UX U MOJOOHBIX UM pelleHuii (KonbLEeBOW BUXPb,
BUXPb C Tpems 0bnactamm noCTOSHHOW 3aBUXPEHHOCTH) Obiny pa3paboTaHbl MOAENM KOMMNAKTHbIX BUHTOBbLIX BUXPEW N BUXPEN C BUH-
TOBOV cummeTpuei. [poaHannanpoBaHbl pelleHns 3agad Anddy3nMmn KOMMNakTHLIX BUXpen (BUxpb Tennopa, pelweHve Knycrepsuans),
TypbyneHTHOM AnddY3nn KOMNAKTHOrO BUXPSI, PeLleHnst Ans 3a4ay O KBa3WKOMMAKTHbIX (flaMUHapHOM 1 TypOyneHTHOM) BUXPENCTOu-
HVKE W BUXPECTOKe, a TakkKe pelleHue 3ajaqun o reHepaumu BpalLalLmUMCs LMNMHAPOM KOMMNaKTHOro TypbyneHTHoro Buxps. Mpuse-
[eHHble MOAENM, COrnacyscb C 3aKOHOM COXPaHEHUS SHEPTKN, UMEIOT NPENMYLLIECTBO NPU NX UCMOMNb30BaHUN.

BbiBogbl. [prBeaeH psig HOBENLLIMX aHaNMTUHECKMX MoAerel, ONuChIBalLLMX Kak NaMUHapHYo, Tak 1 TypOyneHTHY0 AMHaMUKy
MOHOMOJSIbHbIX BUXPEBbLIX TEYEHWI, HO [0 HACTOSILLEro BPEMEHW He HalleALnX Haanexaliero otobpaxeHusi B TpaauLuMoHHON nuTepa-
Type. [lanbHelnwne nccnefoBaHns criefyeT HanpaBuTb HA MOUCK aHaNUTUYECKUX MOAENEN KOrePEeHTHbIX BUXPEBLIX CTPYKTYP B MOTOKax
BA3KOW XMAKOCTW, 0COBEHHO BONMU3N KPMBOMUHENHBLIX MOBEPXHOCTEN, rAe HapyLllaeTcst U3BECTHbIA B MMAPOMEXaHuKe “3aKoH CTeHKW” n
MMelT MeCcTo aHoManum TennomMaccoobmeHa.

KniouyeBble croBa: KOMNAaKTHbIA BUXPb; aHanNMTUYeCkne MOAenw; naeanbHas XUAKOCTb; BA3KAA XUAKOCTb; NaMUHapHoe Teye-
Hue; TypbyneHTHOe TeueHne; anddysnsa BUXPS; reHepauns BUXPS.
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