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PI3UYHI TA MATEMATHUYHI MOJEJII PEOJIOTTYHUX NEPEXOAIB Y BIOJIOTTYHOMY
OPI'AHI3MI

AwHoTanis. Y po0oTi HaBeeHO pe3yIbTaTU AOCIIHKeHb poboTH Oiooriunoro opranismy. [Tokas3aHo, 110 B 6i0710riYHOMY OpraHi3Mi Mpoxo-
IUITH TIPOLIECH, KOTP1 CYIPOBODKYIOTECS SIBHILIAMH IIEPEHECEHHs eHeprii, MacH Ta KiUIbKocTi pyxy. Taki nponecu o6yMoBiIeHi 610XiMiTHUMHU
peaxiisimu, 6GiOMarHiTHUMH HPOLIECaMHU, a TAKOXK HASBHICTIO TPAHUIb MEPEXONy, B SIKHX CTBOPIOIOTHCS HOBI PEYOBHHH, BHIHM CHEPTii Ta
BUTpaTH GiopevdoBuH. Po3risiparotThes (Gi3udHi MOJENI PEONOTIYHUX MEPETBOPEHB, a TAKOXK, 8 TAKOXK y3aralbHEHa MAaTeMaTHYHA MOJEITb
010JIOT1YHOTO OpraHi3My.

KurouoBi ciioBa: Giosioriunmii opranizm, meros, ¢izuuHa MoJelb, 30HA NMepeHeCeHHsl, Maca, eHepris, KUIbKICTh pyXy, 00Me:KeHHs],
MaTeMaTH4YHA MOJeb.

Aunotanusi. B pabGore npuBeseHbI pe3ysbTaThl HCCIECAOBAHUIT paboThl OHOJIOrHYEeCKOro opranusma. IIoka3aHo, YTO B GHOIOTHYECKOM
OpraHM3Me MPOTEKAIOT IPOLECCHI, KOTOPBIE COMPOBOXIAIOTCS SBICHUSMH IIEPEHOCAa SHEPTUM, MAcChl b KOJIMYECTBA ABMKeHMs. Takue
mpoLecchl 00yCIOBICHB OMOXMMHYECKMMH PEAKLMSIMH, OMOMATHUTHBIMU HPOLIECCAMH, a TAK)Ke HAJMYHEM IPAaHMII IIEPEX0fa, B KOTOPBIX
CO3JAI0TCsI HOBBIE BEIECTBA, BH/bI SHEPIHH H PacXojpl OHOBeIlecTB. PaccMaTpuBaroTCst (PH3HUECKHAE MOEIN PEOIOTHYECKHX Ipeobpaso-
BaHM, a TaK)Ke 0000IEHHAs MATEeMaTUYeCKasi MOZE/Ib OMOJIOTHYECKOrO OrPaHU3Ma.

KuaioueBsble cioBa: 0MoJ0OrHYeCKHii OpraHusM, MeTo, (pusuyeckas Moaelb, 30HAa MepPeHOca, Macca, IJHEPrus, KOJIUYeCTBO IBbIKe-
HUSs1, OTPAHNYEHHs], MATEMAaTHYeCKasi MOJIeJIb.

Abstract. The paper presents the results of studies of the biological organism. It is shown that in biological organisms are processes which
are accompanied by energy transfer phenomena, mass and momentum. Such processes are caused by biochemical reactions biomagnetic
processes, as well as the presence of transition boundary, which creates new substances, forms of energy and cost biorechovyn. We consider
the physical model rheological changes as well, as well as a generalized mathematical model of a biological organism.
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Beryn

Biomoriuni mporecu 3a CBOEI CTPYKTYPOIO Ta XapaKTepoM y OaraThoX BHUNAIKaX aHAJOTIUHI mpoliecam,
KOTp1 MalOTh MicIle B XiMIYHIH IPOMHCIOBOCTI. Y BCiX BHIIAAKAX SK OIOJOTiYHI, TaK i XiMiYHI IPOIECH CYIIPO-
BOJDKYIOTBCSI SIBUILIIAMHU TIEPEHECCHHS MacH, €Heprii Ta KUIbKOCTI pyxy. SIK y mepiuux, Tak i B Jpyrux npouecax
NPOXOAATH MEPETBOPEHHSI MACH, €HEpril Ta KiJIbKOCTI PyXy, Y Pe3yJIbTaTi 4Oro CTBOPIOIOTHCS HOBI PEUOBHHH,
BUJIM €HEprii Ta pyxy, KOTpi BiANOBIJHUM YNHOM HaKOIUYYIOTHCS Ta MEPEHOCATHCS B 1HIII MaTepiajibHi cepeno-
BUII[2, CTBOPIOIOYHM TaKUM YMHOM IX CTiK. Y HAyKOBIiH JITEpaTypi BeJIHKa yBara siBUIaM NEPEHECEHHs! MPHIis-
JIacsi TEXHOJIOTIYHHUM ITpoliecaM: XiMiyHUM, Ol0XIMIYHHUM, GapMaleBTUUHUM, HadTONepepoOHNUM 1 HaI3BUYAITHO
MaJIo TporecaM NepeHeceHHs MacH, SHEepril Ta KiITBKOCTI pyXy, sIKi OB s3aHi 3 )KATTEIISUIBHICTIO 010I0Ti9HOTO
OpraHi3My y TOMY YHCIIi ¥ JIIOJCHKOTO. SIK BKa3yeThes B [1-9], sBUIIa mepeHEeCeHHS MacH, EHeprii Ta KiTbKOCTI
PYXy BIIXHOCATHCS A0 HETIHIHHWX, PO3MOJIICHUX 33 YacOM 1 MPOCTOPOBUMH KOOPAMHATAMH, Y 3B SI3KY 3 UNM
BUHHUKAIOTh TPYIHOII X OMHCAHHSA B aHANITHYHIHN, MOCTYIHIN U MOAATBIIOTO BUKOpPHCTaHHS Gopmi. Tomy
JOCTITHUKH, SK MPaBUIIO, CYTTEBO CIPOLTYBANH (Bi3WTHI MOJIEII IPOIECIB SIBUII IIEPSHECCHHS, 00OMEXYBaJIH X
TpaHUYHUMH Ta KPaHOBIMH yMOBaMH TaKUM YHHOM, II0OW HemiHiitHe nudepeHniatbae piBHSIHHSA TOTO YU 1HIIO-
IO SIBUIIA TIEPEHECEHHS PUBECTH 0 JIIHIMHOTO Y KBa3iJIiHIHHOTO.

Bimomo [1], mo rpaBiramiitaa cuma F = g(pr — p) € PYXOMOIO CHJIOIO, SIKA MIPU3BOAUTH 1O BUHUKHEHHS

MIepeHECEeHHsI KITbKOCTI MacH 4 Telljla B CEPElOBHIII, SKMUM MOKe OyTu i Olonoriunuii opraniam. B anamitiy-
HOMY OIMCaHHI BOHA BXOJMTh Yy 3arajbHe BEKTOPHE PIBHSHH: OanaHCy CHII 1 KUTBKOCTI pyXy. [HmmMu 6ananco-
BUMHU PIBHSHHAMHM € PIBHSHHS HEpO3pHBHOCTI (DanaHc mMacH) 1 piBHSHHS OaslaHCy, SIKi ONMUCYIOTH OyIb-sKuUii
TpoIieC TePEeHECeHHS, KOTPUH BUKJIMKA€E 3MiHY TYCTHHH (IIUTHHOCTi). TakuM YHHOM, 3aBXKIHW MAIOTh MiCIE IO
KpaifHill Mipi Tpu PiBHSIHHSA, KOTPI BH3HAYAIOTh ITapaMeTPH MepeHeceHHA. [lo TakuxX mapameTpiB BiTHOCHTHCS
MIBUJIKICTh, THCK, €HEeprist i KoHmeHTparis. KpiMm Toro, HeoOXigHI piBHAHHS, KOTP1 3B’ A3YIOTh ITAPaMETPH CTaHY
nporiecy nepereceHHs. [1oTpiOHO Takok 3HATH KOSQIIIEHTH MOJEKYIIPHOTO MIEPEHECEHHS, TOOTO B'SI3KIiCTh AJIS
HBIOTOHIBCHKOI PiTUHH, KOCQIIIEHT SHePrompoBiTHOCTH, KODimieHT anudy3ii KOMIIOHEHTIB Y CEpeIOBHUINI Ta
JesiKi iHMI KoedimieHT .

[pu nocnipkeHHi sIBUIL TIEPEHECEHHsI KOHKPETU3YIOThCS 33/1a4i, KOTPl HAKIaIyIOThCsl HA MEXaHI3MH, sKi
BUKJIMKAIOTh PyX, Y BHIJISII TeOMETpHYHOI (popMH, YMOB Ha XapakTep MOBEpXHi, HAaBKOJHIIHE CEPEAOBHIIC
Towo. BenuurHamu, KOTpi MOTPIOHO BU3HAYMTH AHAJITUYHO 200 EKCIIEPUMEHTAIBHO MPHU OyIb-IKOMY SBHII
MIEpEHECEHHs], € MOTIK MePEeHEeCeHHs Ta MoJe mBUAKocTe. Hanpuknaza, xoedilieHT eHepropigmauu ¢ Bix NHO-

BEPXHI JI0 Cepe/JOBHUILA BU3HAYAEThCS Yepe3 eHepreTuyHnii motik O i 3anaui ymoBu 3a enepriero £y i £, ne
EO i E00 — CHEpTis 3 BUIPOMIHIOIOYOI MOBEPXHI TijIa MJIOMICI0 S Ta CepelOBHINA HEOOMEKEHOI TOBIIMHU

BinnoBigHO [2]. BiAmoBigHO piBHAHHS CTaTHUKHU IS Mepeaadi eHEPreTHIHOTO TOTOKY Q 3aIUCYETHCA B TAKOMY

BUIIIAAL
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O=aS(Ey-E,), (1)

3araJbHUMH DPIBHSHHSMH TIE€PEHECEHHs JJIsl PYXOMHX MOTOKIB CIIy)KaTh 3BWYAiiHI PIBHSHHS TigpoMe-

XaHiku. PyxoMHM MeXaHi3MOM Yy BUMYIIEHUX IOTOKaX € TPaJi€HT TYCTHHH, €HEprii Ta MIBHIKOCTI MOTOKY. PiB-
HSHHS PYXY, BUKIMKaHOT'O TIEPEHECCHHAM eHepril (aHaJoTi4HO MacH), MaroTh BHIIL [3-5]:

Dp op

= = Vv a60 L =—(pVv+v-Vp): 2

5o =PV o —2=—p p) )
Dv 2 1
2 = pe—Vp+ N v+ —1NV(Vv): 3
g~ PEVpHu 3ﬂ( ) 3)
DE Dp

oc —— =VkVE+ BE—2 + 1> +q", 4
" Do A D6 1 )

ne: P -rycruna (abo minbHicTh); @ - yac MepeHeceHHs MacH, eHeprii Ta KiILKOCTI PyXy Bill Jukepena Jo cepe-
nosuina; V - WIBHAKICTh NEPEHECEHHS; g - NPUCKOPEHHS 3€MHOTO TSKIHHS, 0 - BU3HAYAIBHUN Mapamerp
TIPOIIECY MEPEHECEHHs (HAPUKIIA/, TYCTUHA MOTOKY); V V' - FPai€HT 3MiHM MBUAKOCTI; V0 - TPAli€HT 3MiHH

BU3HAYAIBLHOTO TapaMeTpa; VP - IPami€HT CTATUYHOTO THUCKY; AL - JMHAMiYHA B’A3KICTh PEYOBHHH; C p -

MUTOMA TeroeMHicTh; [ - koediient 06’ emuoro posmmpenns; O - mucunatusua Gpynxiis; VE - rpagient
. e o . . . n . e
3Minu eneprii; A - koedillieHT eHepronpoBiaHOCTi; ¢" - MMTOMA NOTYKHICTh 06’ €MHUX JPKEPE EHEPTii.

[epiue piBHsHHS (PIBHSAHHS HEPO3PUBHOCTI) BUpaXkae yMOBY 30epiranHs iMiryibcy Macu. Lle ckanspre pi-
BHSHHS 3B’513y€ MUTTEBY IIBUIKICTh 3MIHM HIUIBHOCTI CyOCTaHLIl B JeSKii TOYIIl MOJIsl, BUPAXKEHY Yepe3 MOBHY
noxizguy D/ D@, 3 micueporo mBuakicTio posmupenHs abo ctuckysanus V V', sxe 06yMOBJeHe oMM LIBH-
nKocTi. Jlpyre piBHAHHs (BEKTOPHE) BUpa)Ka€ PiBHICTh CHIIM, 00YMOBJICHOT MIiCIIEBUM NPUCKOPEHHSIM, CyMi Mic-
1IeBOi 00’€MHOI CHJIH, CHIIH, OOYMOBJICHOI TPaJi€HTOM THCKY, Ta CHJ B’S3KOCTi. Tpere piBHSHHSA (CKaIApHE)
BUpaXka€ 3aKOH 30epiraHHsa eHeprii. Sk Bkaszyerbcs B [9-13], OCHOBHA TPYAHICTh IPH PO3B’S3KY PIBHSIHBb Mae
Mice 4epe3 MOXIIMBI 3MIHM MapaMeTpiB NepeHeceHHd AL, k 1 minbHOCTi (ryctunun) O . [lapamerpu 4 i k 3a-

JIe)KATh TOJIOBHUM YMHOM BiJl TEMIIEPATypH i B ACSAKHX BHIIAJKaX MOXKHA NMPUIMATH, IO BOHH € CTAIUMH. AJe,
00U OTPUMATH PyX MacH 4Yd €Heprii, NOTPiOHO 3aB)KAM BPaxOBYBaTH 3MiHY IIIJIBHOCTI €HEpPril YK T'yCTHHY
peyoBuHHU. ['pasieHTH KOHIEHTpalii XIMIYHAX KOMIIOHEHTIB y CEpEIOBHII, SIKE 3HAXOANUTHCS B TOJI TpaBiTallii-
HOT CHJIM, MOXKYTh CTBOPIOBATH PEOJIOTIYHI MEPEMIIlIeHHsI, KOTPI BUKJIUKaHI TPAJIEHTHUMH CHIaMH. Y 0aratbox
BUMAJKaX 3MiHA KOHIICHTpAIlii PCUOBHHU € €IMHOI0 PYIIIHHOKI CHJIOKW MepeHeceHHs Macu. Toni mapametp £
BXOJUTb y PIBHSHHS (2) y BUIJISLII €Heprii, IKOI0 Moxke OyTH i Temmeparypa, Ta 00yMOBIICHHUI NEpeHECEHHIM
TEIUIOBOTO, YIBTPAa3BYKOBOTO, CBITJIOBOIO 4M IHIIOTO MOTOKY. I1{o0u 3B’s13aTH KOHBeKIliiiHe Ta audys3iiiHe me-
peHECeHHsI XIMIYHUX KOMIIOHEHTIB y Oi0JIOTIYHOMY OpraHi3mi, MOTpiOHI JOOATKOBI piBHAHHS 30epiraHHs, aHa-
noriuHi piBHAHHIO (3) U1 eHeprii. Ko 0JHOYaCHO MPOXOANUTH IU(Y3isd NEKITBKOX PI3HUX XIMIYHHX KOMIIO-
HEHTIB, TO MOTPiOHO CTINBKA X TaKWX PiBHAHD. PiBHSHHS OamaHCy I KOHBEKIIHHOTO MEPEHECEHHS 3 Bpaxy-
BaHHAM JUQy3ii Ta OyIb-SIKUX XIMIYHHX PEaKIliil mpuiiMae BUTIISI

DC
—=V-D-VC+v", 5)
D@

e DC - koediieHT audy3ii KOMIIOHEHTA, v" —BuaKicTH CTBOPEHHS KOMITOHEHTA C B oaunuIi 00’emy.

Po3riaHyTi NOBHI piBHSHHS, SIKI ONMCYIOTh CHEPTONIEPEHECEHHS B ANHAMIYHUX MTOTOKAX MAlOTh CKJIQJIHUH
BUIIIAA. TakuMu pIBHAHHAMH PEKOMEHIYETHCS KOPUCTYBATHCS y BHIAJAKaxX, A€ IOTPiOHO BpaxoBYBAaTH pi3Hi
¢izugHi pomecu Ta MexaHi3mu [ 12-14]. [epmmii qetadpHAN PO3paxyHOK MEPEHECEHHs, BUKINKAHOTO BHUIITOB-
XYI04OI0 CHIIO0, 3po0iieHo Jlopeniiom [15]. Po3rmsHyTi HalOpOCTIl YMOBH: CTalliOHApHE JIaMiHapHE MepeHe-
CeHHSl MacH B LIapi, SIKUH MPUMHUKAE IO 3aHYPEHOI B CHOKIHHHMI HAaBKOJMIIHIA ra3 BEPTUKAJIBHOI MMOBEPXHI;

TeMIepaTypa ra3y € CTaiolo Ta PiBHOI Temmepatypi 1., Ge3Me)HOTo CepeloBHUINa, TEMIIEPATYpa BUIPOMIHIO-
040 TETUIO MOBEPXHI TAKOK MiATPUMYETHCS CTATIOK Ta PIBHOW 7| 0 - ko T, 0~ T, , To (A0 TycTHHA Piny-
HU (ra3y) B3MEHIIYEThCS 3 POCTOM TEMIeparypd, M0 3BHYaWHO Ma€ MicClle) BUTHCKYyIOYa CHJIa
B (x, y) =g (poo - p) € TIO3UTHBHOIO, TO PYX TOTOKY HAalpaBlICHUIH 3HU3Y BBEPX i HABMAKU. SIKIIO MOBEPXHs

Ma€ B HalPsMKY Z BEIUKY IPOTSKHICTB, TO IPOLIEC IEPEHECEHHS ONHUCYETHCS B CUCTEMI ACKapTOBHX KOOPIMHAT
X, y TIOBHOIO cHcTeMoro piBHAHB (1) - (3). HalfmpocTimmM BHIOM TEpeHECEHHS € CTalliOHapHUHN JTaMiHapHUI
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pyxomuii motik. Toxi wier V V' y piBranmax (2) i (3) MoxkHa OpHiHATH piBHEM Hyi0. EHepreTnuni edekrw,
. . . - . " .
SKi OIIMCYIOTHCS B PIBHAHHI (4) 4I€HOM, KOTPHH BpaxoBye MOJE TUCKY, PO3NOAIICHIMH KepelaMu ¢ 1 AUCH-

[MATUBHUM 4JIEHOM 1HOOl my>ke Mauti. TakuM 4rMHOM, PI3HUAL —Vp) mix 06'eMHOIO CHITOO Ta CHIIOIO
b :

TUCKY B piBHAHHI (3) 3 HeIKNM HaONMKEHHSIM MOXHA MPUHHATH B 0araTboX BHIAAKAaX PIBHOIO g(p — P )
Taxkum YUHOM, JUIS TaMiHAPHOTO TIOTOKY PiBHSHHSA (2) - (4) NpUIMaIOTh BUTIISL;

ox Oy
r» ox Oy # ox? oy’ S\ =P
o o) fo o) .
or  oT o°T o°T
plU—+v— =k St )
x Oy ox~ Oy

[pu pimenHi piBHAHB (6) - (9), AK MPaBUIIO, MPUHMAIOTh, IO PO3IIOAUICHHS MIBHIKOCTI v(x, y) =0. To-
Ii 3 piBHAHHA (6) BHIUTHBAE, IO u(x, y) = u(y) Ipwu wiit ymoBi piBHAHHA (6) 1 (8) BHIIy4aroThes, a piBHIHHS
(7) i (9) cnpouryrotecs. V piBHAHHI (7) KOHBeKUiiHNM wieHOM UOU / OX (IepeHeceHHs KillbKOCTi pyXy) Hex-

TYIOTb, TaK SIK U = u( y). KpiMm TOro, HEXTYIOTh eeKTaMH B’A3KOCTi i eHepronpoBoaHocTi. Hakinens, 3amex-

HICTh TYCTHHH (IIUIBHOCTI) BiJ 3MiHU €Hepril p(E ) MPUAMAETHCS TNHIHHOIO

p(E)=p(E,J1-B(E-E,)]. (10)
ne [F - Tepmiunumii KoedillieHT 06’ €MHOTO PO3IIUPEHHS CEPEIOBHILA.

PiBHsAHHS, sKi MICIA TaKWX CIPOUICHb 3aJHIIFIINCS, IS (QYHKITiH u(y) i E(x, y) MAarOThb BUTIISIL:

0%u 0’E OE
Y epB(E-E,)=0, i k<" — pepul=
e gph( )=0, i o0

Cucrtema piBHAHD CKIAJA€THCS 3 HETIHIHHUX PIBHSIHB, TaK K JO HUX BXOAWUTH WICH, SKHH MICTHTH TOXiTHY

=0.

OFE / Ox . Tomy nyst mofabIoro CIpoNIeHHs aBTOPH MPUHMAIOTh, IO OCKIMEKM B 00JACTi MepeHeceHHs Tera
enepris 3minoersest Bin £, mpu x =0 no E (x, y) npu X = L, To Bermuuny OF /Ox moxHa HaGmmkeHO
MOJATH SIK (E -E, )/ L. Toni 3anexuicts E (x) BUIyyaeThea i £ (x, y) =F (y) VBoasuu 3amicte F (y)
HOBY 3MiHHY @ = [E (»-E, ]/ [EO —EOO], OTPUMYIOTh 3BMYAiiHy cucTeMy AU(EepeHLiaIbHUX PIiBHAHb 34

KOOPAMHATOIO ) 'y BUIVIANL:

d’u  gpP(Ey-E,)

=0, (13)
dy2 H
2
d—f—M¢=O. (14)

3 OBOT0 BHILUIMBAE, IO IPOLECH MEPSHECSHHS MAacH, CHEepTii Ta KiTBKOCTI PyXy PO3IIISAAIUCS OTHOCTO-
POHHBEO 32 CXEMOIO «JIXKEPENI0 —> CTIK», IPUUOMY Y BCiX BHNaIKaX /PKEpPENIo Ha TPaHMIIl TIEpEHECEHHs Mae 0e3-
ME)XKHY KOHIICHTPALiiHy Ta CHEPTeTHYHY MOTYKHICTh. PiBHSIHHSA (2) - (4) OIMHUCYIOTH MPOIIEC IEPSHECEHHS SHEp-

rii, Macu Ta KibKOCTi pyXy TiIbKH BiJl JUKEPEIa 3 MAKCUMAIILHUM MOTEHIIaNoM (0 10 iHIIOro CEpeoBHIIA 3
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MEHIIMM MOTEHIialoM (0 . Pi3HUIS IuX MOTEHMiaNiB A(p =@y — @ € pyIiHHOI CUIOK IPOLECY IEPEHECEH-
Hsi. JlJIsl MacoNepeHeCeH sl 3a Taky pyuuiiiHy cury mpuiiMaetbes pistuis konnentpauiii AC = Cy —C peuo-
BHH 260 pi3HUILL X rycTiHE AP = P — 0 (BHIITOBXYIOYA CHIIA); UL CHEPrONEPEHECCHHs PYLIIHHOIO CHIIOK
moxe Oyru pisaus Temneparyp AT =T, —T a6o pisauus eneprernunnx norennianie AE = Ey—E | ne

Co, po> T, E( - BIIIOBinHO KOHLEHTpALs, IyCTHHA, TEMIEpaTypa Ta CHEpris Ha IPAHMII iX Mepexoiy B

IHIIIC CepeOBUINE. 3 BUINCHABEICHOTO BUILIMBAE, IO SABHUINA NMEPECHECEHHS MAacH, CHEpPrii Ta KUIbKOCTI PyXy B
KJIACHYHIH TeOpil pO3TIBLIAINCS K OJHOCTAIIHHUIA IPOIIEC — BiJl JKepesia J0 JCAKOTO 1HIIOrO CePeOBHINA, PO
o cBiguaTh piBHAHHA (2) - (4), B SKUX € TUIBKH OJHA IIBHIKICTh MEPEHECEHHS MacH Dp/ Dt , 06’ emy

DV /Dt raeneprii DE/ Dt . Ane ni mBHAKOCTi XapaKTepHU3yIOTh JIHIIE MEPEHECEHHs Bl Ikepena 6e3Mesk-
HOI TIOTY>KHOCTi JI0 IHIIOTO CepeloBHINa, a (PAKTHIHO BiJ JDKEpeNia 0 30HH PEOJIOTIYHHX MEepEeTBOPECHb 1 HE
BPaXOBYIOTh SKUM YMHOM IPOXOJNTH NIEPETBOPEHHS MACH, CHEPTii Ta KUJIBKOCTI pyXy B 1HIIOMY CepeIOBHILI Ta
JIe HAKOMTMYY€ETHCS HOBOCTBOPEHA Maca, SHepTis 4M KUIbKicTh pyxXy. IIpaBa dacTmHa piBHSHE (2) - (4) ommcye
IpOIeCH MEPEHECEHH Macu, eHeprii Ta KiNbKOCTI pyXy 3a F€OMETPUYHHMH KOOpAMHATAMHU X, V), Z , @ TAKOX

BIUIMB 3MIiHH €HEPril Ta KUIbKOCTI PyXy Ha MPOIeC NePEHECEHH Macu, MacH Ta CHEpPTii Ha MpPOIeC MePEHECCHHS
Macu ToIo. SIk npaBuiio, NEPEHECEHHsI MacH, €Hepril Ta KiJIbKOCTI pyXy 3IiHCHIOBAIOCS B CEPEIOBUILI Oe3Mex-
HHUX PO3MIpIB, PO 110 CBiAYaTh I'PaHUYHI YMOBH, KOTPi HaKJIaJAyBaJKCs Ha METOJIU aHAIITHYHUX DPIllIeHb LUX
piBHAHB. PiBHsAHHS JIOpeHIla OMUCYIOTH MPOIISCH TIEPSHECEHHS] MAacH, EHEpTii Ta KUTBKOCTI pyXy IPH yMOBI 0e3-

MEXHOT THOTY)XHOCTI JUKEpes, CTalMX IIBUAKOCTSIX —pzconst , —— =const, —— =const i yacy
¢

! =00 . [IpakTHYHO y BCIX BUNAAKaxX MPUHAMAJIOCS, 110 HOBOCTBOPEHA Maca, EHeprisl UM KUIbKICTh PyXy He HaKo-
MUYYETHCS, a00 EPEHOCUTHCS B OE3MEkKHICTh, a00 JOPIBHIOE KIIBKOCTI MacH, €Heprii Ta KiIbKOCTI pyXy, sKa
nepenana JpkepesioM. OKpiM TOro mpuiiManocs, IO 4ac MEPEeHECeHHs MacH, eHeprii Ta KUIBKOCTI pyxy i uac
MIepeHECEHHs] HOBOTBOPEHOI MAacH, €Heprii Ta KUIbKOCTI PyXy € OJHHM 1 THM € YacoM, L0 MPU3BOJIUTH JIO Ia-
pazokcy Ipo 6e3MexHy IIBUAKICTh nepeneceHHs [ 15].

Mera crartTi

Po3pobutn }iznuHi Ta MaTeMaTHYHI MOJIENI ITEPEHECEHHS KITBKOCTI pyXy, CHEprii Ta MacH B 010JI0TIYHOMY
OpraHi3Mi JIFOUHH Ha OCHOBI TEOPii PEONIOTIYHNX MIEPEXOiB Ta IEPETBOPECHB.

ITocranoBka 3agaui

VY 6ionorivHOMY OpraHi3Mi, y TOMY YHCII # JIOACEKOMY, IPOTIKaIOTh TEIIOMAac0-00OMIHHI IPOIIECH, KOT-
pi CyIMpOBOIKYIOTECS OIOXIMIYHIMH TIPOLIECAMH, B PE3YNBTaTi YOTO CTBOPIOIOTHCS MaTepiaibHi Ta TEIUIOBi
MOTOKH, IIBUIKICTh SKHUX 3aJCKUTHh Bil KUTBKOCTI pyXy, OOYMOBICHOI poOOTOI0 CYIWHHO-CEPIIEBOI CHCTEMH.
3aja4a mojsrae B TOMY, IO Ha OCHOBI TEOpii PEOJIOTTYHUX MEPEXOJIB 1 MEepeTBOPEHh BUKOHATH aHAJ3 TaKuX
010JIOTIYHHX MTPOLIECIB 1 PO3POOUTH (Pi3MYHI Ta MATEeMaTUYHI MOJIET.

®@i3nyHi MofeJIi peosIoriYHNX NepeTBOPeHb MacH, eHeprii Ta KiJIbKOCTi pyxy B OioJioriunomy opranizmi

AmHasi3 nmpoleciB nepeHeceHH s KiJbKOCTI PyXy, MacH Ta eHeprii Mmokasye, o NpH JOCIiKEHHI Ipolie-
CIB Maco-eHeprorepeHeceH s MpUHMaiocs, o JUKepeila MacH Ta eHeprii (KOHIEHTpaliiHuH Ta eHepreTHYHUH
Harip) MaloThb 0e3MeKHY MOTYXKHICTh 1 HIKOJIM HE BPaXOBYBAJIOCS, 10 MIXK JDKEPEJIOM 1 JOCIHIIKYBAaHUM TilIOM
3aBXKIM € JesKa MeKa po3airy (pealbHa UM YsBHA), Uepe3 SAKY 3MiHCHIOETHCS MePEeHECEHHS IMITYIIbCY KiTBKOCTI
pPyXy, Macu Ta eHeprii [14 - 15]. [Tepexin iMITyIIbCy KITBKOCTI PyXy, MacH Ta €HEpTii depe3 MexXy po3IiuTy Ha3H-
BA€THCS PEOJIOTIYHEM MEPEX0JIOM, a MPOIEC, KUl MPOTIKAE IPH LBOMY MEPEXOi — PEOIOTIYHUM HepEeTBOPCH-
HsM. Di3u4Ha MOJIENIb HAMIPOCTIIIOr0 PEOJIOTIYHOTO MePeXoLy IToKa3aHa Ha puc. 1.

Jlxepeno 3 GesmexHow mnoryxkHictio (kinmbkocti pyxy O =Qpq, macu Oy =y, eHeprii

OF = 0p() Ha MeXi PO3LILY «IKEPETO-Tinoy (Aaii Mix TEPMIHOM «TiIO» HA3MBATUMEMO GioNOri4HMH opra-
Hi3M) 371iBa XapaKTePH3YETHCS ICAKHUMHU CBOIMH CTaJHMH IapaMeTpaMH, HANPHKIaA, TeMIepaTypor HarpiBy

T'=Tg( = const , xouuenrpauiero C = Cgy = const, eueprieto £ = E 5 = const. Y nouarkosuii Mo-
meHT yacy ¢ = 0 Tino XapakTepusyeTbes CBOIMH mApaMeTpaMu: §; =05 Gy =Gmo | o = G 200 TeM-
neparyporo 1" =T = const , xouuentpauieto C = Cqy = const, enepriero E = Eqy = const . lpudo-

My ql<QL<QZ’qm<QM <Qmiqe<QE<qe'
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I'pannns nepexony
Pucynok 1 — ®i3nyHa MOZIENb PEONIOTIYHOTO TIEPEXOTY

Sxmo mKepeno i TiT0O METTEBO 3’ €THYIOTHCSA MiXK 0000, TO KUIBKICTh pyXy, MacH Ta €Heprii Bix mke-
pena mepenaeThCs TUTY 3a paXyHOK TOTO YH IHIIOTO MEPETBOPEHHS. SIKIO MepeaeThes IMITYIIBC KUTBKOCTI Tell-
JIOTH, TO TaKUH MepexiJ MiAMOpsIKOBY€EThCS 3akoHy Dyp’e, AKIO mepenaeTbes IMITyIbC MacH, To 3akoHy Dika,
SKIIO MEePEeNaeThCsl IMITyIbC KUIBKOCTI pyXy, TO 3akoHy HptoToHa. [Ipu yMOBi 0e3MeKHOT MOTYKHOCTI JKeperna
Ha TpaHuLi po3airy ¢a3 (Ha rpaHulll MK JPKEPEJIOM 1 TiJIOM) CTBOPIOEThCS NMPUTPAHUYHA 30HA K IT0Ka3aHO Ha
puc. 2.

PI/IcyHOK 2 - Hpouec TMEPEHECCHHS 3 OTHUM peOJIOI‘i‘-IHI/IM epexo oM

Kinskicts pyxy Q; , macu (), um eneprii Qp Bix mkepena 3 6e3MeKHOIO [IOTYXKHICTIO [EPEAAETHCS B

NPUTrPaHUYHY 30HY, B SKiH BIANOBIJHUM YMHOM NEPETBOPIOETHCS 1 BXKE B IMEPETBOPEHOMY BUIJIAII PO3MOBCIO-
JUKyeThes (cTikae) B Timi. [IpurpanndHa 30Ha MOKe OYTH IyXKe BY3bKOIO, HAPHUKIIAM, JIAMiHAPHUHA TpUTPaHUY-
HUH [Iap Ha BEPTUKAIBHIN CTIHIN, MK HE3MIIIYIOUMMH PIIMHHAMH CEpPEIOBHINAMH, MK IBOMAa TiIaMH, SKi
TPYThCS TIOMiXK c000F0, TIPH TepeIadi BHCOKOYACTOTHOI SHEPTii Bil OJHOTO Tijia IO iHIIIOTO TOIIO, 8 TAaKOXK JOC-
TaTHBO ITUPOKOIO 30HOK0, SIK HAIPUKJIA, IIPU HAIBHOCTI THIHHUX MPOIIECiB, aIcOpOLiHHO-IeCcOpOUiIHHNX MPOIIe-
CiB, XIMIYHHX IEPETBOPEHbB Y IMIUTYHKOBO-KHAIIIEYHOMY TPAKTi TOIO. PeonoriuHi mepeTBOPEeHHS, SKi MalOTh OJAWH
PeOTOTIUHUI Tmepexi, BIMHOCATHCS 0 HAWMPOCTIMHX (HAIpPUKIA, HaTpiBaHHS Tila JO TEMIEpPaTypH HIKYOL
BiJI KDUTUYHOI), IPOLIECH PO3UYMHEHHSI PEYOBUH B TUI, MPU SIKMX HE CTBOPIOIOTHCS IPYropsiiHi peYOBUHHM, Ha-
NPUKJIAJ, POYMHEHHS LYKPY, 3MILIYBaHHS KHCJIOT YU CHUPTIB Tomio. OJHOMIpHI TEXHOJIOTIYHI MPOLECH, SK
NPaBWJIO, OMUCYIOTHCS HAWMPOCTIMIMMHU JiHIHHUME TudepeHIiaJbHUMH PIBHSAHHIMHU, TaKUMH SK PIBHSIHHSIM

, . . _ . . . . _ .
®yp’e ans temwnonposinnocti ¢y =—AVT , piBusunsamu ®ika wis maconposinnocti ¢, =—D,, VC , pis-
HAHHAM HBIOTOHA /IS epeHeceHHs KinbKocTi pyxy, ie A - koedinienT Temnonposigsocti; 7' - Temneparypa;
D,, - xoediuient mudysii; C - koHUEHTpaLis NepeTBOPIOBAHAX Pe4OBHH. XiMiuHi POLECH B Till, SIK IPaBH-

JI0, CYIIPOBOKYIOTHCS OJJHOUYACHHUM TIEPEHECEHHAM KIJTBKOCTI pyXy, MacH Ta eHeprii. Taki mpomecu (baraTomip-
Hi) MaloTh JBi i OiJblle 30HM PEOJOTIYHUX MEPEXOJiB, a BIANOBIJIHO, NEPETBOPEHBb. 3a MPUHLIUIIOM Jii 30HH
PO3IUISIOTHCS. HA TEIJIO00MiHHI, MaCOOOMIHHI, eHepro-MacooOMIHHI Ta peakiiiHi. PeakuiiiHi po3aiisoThes Ha
OJTHOCTAIiMHI, TBOCTadiiHI Ta Oararoctamiii [15]. Ha puc. 3 noka3ana ¢i3uvHa MOJEb ABOCTAIIHOTO PEOJIO-
TIYHOTO MEPETBOPEHHSI.

Jlo Takux MpoIeciB MOXHa BiJIHECTH €HEPro-MacooOMiHHI MPOIECH, HANPHKIIaJ, Tpouecu abcopOii,
necopOirii, pexTudikarii Tomro. baraTocTamiiiHi peosoriuHi IpoIecH, sIK MPaBUIIO, MAKOTh MICIC B IUTYHKOBO-
KHITKOBOMY TPaKTi Ta CEpIeBO-CYIMHHIN CHCTEMI Tijla IPW HAsSBHOCTI XiMIYHHUX IepeTBopeHb. Ha puc. 4 moxa-
3aHa YOTHUpHUCTAAiHA (hi3MIHA MOJENB MPH HAsIBHOCTI OMHOCTaAIHHOI XiMidHOT peakmii. [lepmmm peororigHIM
IepexooM MOXke OyTH IpoIlec IMepeMillyBaHHS XapuyOBHX KOMITOHEHTIB y HITYHKY, IPYTUM — IpoOIlec Harpi-
BaHHS PEeaKUiHHUX KOMIOHEHTIB JOKEPEIOM Tellia 32 PaXyHOK EK30TePMIYHOTO PO3KIIaNaHHs PeakI[ifHuX KOM-
ITOHEHTIB 1 KPOBOHOCHA CHCTEMa, TPETiM — IPOIIEC MACOIIEPEHECEHHS KOHIICHTPALlil pearyrounx KOMIIOHEHTIB y
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[UTYHKY W YETBEPTHUM — IPOIEC XIMIYHOTO MEPETBOPEHHSI, SIKUIl MOXKE OYTH SIK €K30TCPMIYHHUM, TaK 1 CHIOTEP-
MIYHUM.

Pucynox 3 — IIponec nepeHeceHHs 3 ABOMa PEOJOTIYHUMH TEPEX0AaMH

[Tpu GaratocTaaiitHNX PEONOTIYHUX XIMIYHUX TEPETBOPEHHIX MPOMIXHI MPOAYKTH CTBOPIOIOTH HOBI peo-
JIOTiYHI IepeTBOPeHHs. J{JIsI TaKUX MPOLIECIB XapaKTEPHUM € Te, [0 CTOKaMU MOXYTh OyTH SK MMPOMDKHI MIPOIY-
KTH, TaK i KIHIEBUHA MPOAYKT OaratocTaifHOTO XiMiYHOTO TIEPETBOPEHHSI.

«~

IYHUU

Peonoz

Pucynox 4 — IIpornec mepeHeceHHs 3 90THPMa PEOJIOTIYHIMH NTEPeX0JaMU

VY3arainpHeHa MaTeMaTH4YHA MO/ eJIb SIBUIL IepeHeCeHH s
Ha x0XHOMY peoJIOTiYHOMY TEePEeXO/Ii IMIYJIbC BXIAHOT BEJIMYMHU 3MEHIIYETHCS, a BUXIMHOI — 301JIb-
MIYEThCS. Y 3arajbHOMY BUIAJKY KOXXKHHUI PEOJIOTIUHUI Mepexia sBIsE COO0I0 JCSKY IHTErpajbHy IMITYJIbCHY

nensTa-GyHKII0 Jipaka, sk MoKa3aHO Ha puC. 5, NI TIO3HAYEHO: Q, QO - IIOTOYHA Ta IMOYaTKOBA KOHICHTPALIIi;
g, g - moTo4Ha Ta KiHIeBa KinbKicTb iMmymsey; O = f (Z, t) - byHKuis 3MiHn KoHueHTpauii; ¢ = f (Z, t) -
(yHKIIS 3MIHM KOHIGHTpallii; Z - BIUIMBOBUIT (pakTop ab0o CyKyNHICTh BILTMBOBUX (pakTopiB; [ - yac peoJoriu-
HOTO HEPEeXoy; Z, [] - HapaMeTpu MOYaTKy PEOJIOridHOro Nepexony; Z,, [y - HapaMeTpH KiHII PEOTIOTidHOTO
TIepexoy.

Q’ A
! 019 a0

| [nmecpanvra

qo | IMnYbCHA
oenvma-@yHKyis
Uipaka

b

z1, ti z2, 12

C z, t

»
»

Pucynok 5 — I'padigne 300pakeHHS 30HH PEOJIOTITHOTO TIEPEXOIy
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Y saransHomy Bunagaky ¢ # (), a ac peonoriunoro nepexonay @ = ¢, —t;. [lnommna, sixa oGMexeHa
toukamu d, b, ¢, d , € inTerpansHOI0 iMmy IBCHOIO AenbTa-hyHKIico Jlipaka 3 aapoM y GopMy aeskoi QyHKIii,

sIKa OIUCY€E MPOLIECH, KOTPI MIPOXOSITH B 30HI PEOJIOTIYHOTO nepexoay. Tak sk BcepequHi iHTerpaabHOl iMITyIIb-
cHol aenbra-dyHkuii [lipaka, sik IpaBUIIO, 3HAXOATHCS ABI KPUBI PEOJIOTIYHOTO NEPEXOAY — KPHUBA 3MiHH TOTO

4K iHIIOTO SBHIIA TIEpeHeceH s (KibKOCTi pyxXy, macu Ta eneprii) O = f (Z , 1 ) 1 KprBa CTOKY MPOIIECY IepeT-

BOpenHs ¢ = [ (Z , 1 ) , TO 3B BUKOHYBAaTHUMETHCS OallaHC KIIBKOCTI pyXy, Macu Ta eHeprii, To0To

0(z,0)=9(z.0)-v(z, 0)+ (), (15)

e @ (Z , 67) - BEKTOP IEPEHECEHHs OTEHIiay; Z - BEKTOP HAIPIMKY PyXy MEPEHECEHHS; 17(5 , 67) - BEKTOp
[IBHIKOCTI IEPEHECCHHS.

Tak sIK IpomecH sIBUI IEPEHECEHHsT KUIBKOCTI PyXy, MacH Ta eHeprii He3BOPOTHI, TO X MOKHA ITOKa-
3aTi y GopMi peoJIOTIYHMX MEePEXOIiB, K MOKa3aHo Ha puc. 6, a. Ha mboMy pHCYHKY NMOKa3aHUH HaWIpocTimuit

BapiaHT OJIHOMIPHOTO PEOJIOTIYHOTO MEPEXO/LY, KOMM iMmyJibe mkepena O = QO = const . Takuii iporiec Mo-
JKe MaTH Miclle TIpY HarpiBaHHI Tijia, PO3YWHEHHI TBEPIUX PEUOBHH, 3MIITyBaHHI PiIUH 3 PI3HAMHU KOHIIEHTpPAIli-
siMu Tommo. Ha puc. 6, 6 npuBenennit rpadix HPII 3miHn BXinHOTO IapameTpa Q(Z, 6’) 3a AEAKOI0 KOOpIHMHA-
TOI0 30HM Z peoJioriyHoro mepexony. Ilpu Z = Z; 3HaueHHd mapameTpa Q(Zl, 0)= Oy, ampu z=25 -
Q(22 R 9) =0y, 1e Oy, Oy - mouatkoBe Ta KiHUEBE 3HAYCHHS BXiIHOTO BU3HAYAIBHOrO mapamerpa. Tak sk y
30Hi peostoriuHoro nepexony (3PII) Bu3HauanbHUI MapameTp Q(Z , 6’) aminroetses Bin Oy no Oy 3a Bianosi-

nHuM 3akoHoM (Dyp’e, Dika un HprotoHa), To 3rimHo 3 [3, 4] Takuii npolec nepeHeceHHs] BU3HAYaIbHOTO T1a-
pameTpa MO>KHA OITMCATH PIBHSHHSAM BUTJISLY

Q(Z’e)_ka f z
Q-0 |\ 2JEo) o

ne & - koeillieHT TepeHeceH s BU3HAYANIBHOTO TTapaMeTpa (JUIs MepeHeCeHHs TEMIOTH — KoedillieHT Temmepa-
TYPOIPOBIZHOCTI, /ISl IEPEHECEHHsI MacH — KoedilieHT Tudy3ii).

a) 0)

Se
28
S
Q s
— g %
S §
s 3
g2
N
6)
q A
qor
qn R
t b ! Z1, L za 02zt

Pucynox 6 — ®izuuna Mozens (@) 1 rpadiku He3BopoTHHX peonoriuanx nepexoxis (HPII): 6) — rpadik
HPII iMmynecy KiTbKOCTI IPUTOKY BiX JKepena; ) — rpadik HE3BOPOTHOTO IMITYIIbCY KiHIICBOTO CTOKY;
2) — rpadik inTerpanbHoi iMmynbcHoi O — dynkuii Jipaka
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VY 30Hi peonoriunoro nepexoay (3PI1) BuxigHuii BU3Ha4YaIbHUI apaMeTp 3MIHIOETBCS BiJ| IESIKOTO T10-
YaTKOBOTO 3HAYCHHS q(z, t )= g7 10 MaKCHMaIbHOTO q(Z, t )= q( 32 3aKOHOM, SIKHI BU3HAYAETHCS MPOLIE-
COM DPEOJIOTIYHOTO MEPETBOPEHHS, 3aJICKHUTh Bijl MOTEHIlIAy IEPEHECEHHs, IBUIKOCTI, TPOCTOPOBOI KOOPANHA-
TH Ta IHIIKX ITapaMeTpiB MEPEHECEHHS SIK THCK, B’SI3KICTh, I'ycTHHA Towlo (puc. 6, ¢). Kpusa q(z, t ) =f (Z, t )
(opMye CTiK BUXiZHOrO BU3HAYaIBHOTO MapaMeTpa, KUl MOXKe 3MiHIoBaTHCA Bin [ = 1] = 0 got= t) L0,

Hanpuknan, takuii mporec Moxke OyTH ONMUCaHUN TakuM Au(epeHIlialbHAM PIBHAHHAM IHTETPYHOUOi JTHHAMIY-
HOT JIaHKH JAPYTOro NOPSAKY

3 2
2 d Q(Z=t)+ d q(z’t)+%:kQ(z, 49), amn

%) 3|
ar’ dr?

ne Ty, T - IEsKi CTall 9acy peoOTi9HOrO IEPETBOPEHHS; K - KOe(illieHT epeTBOPEHHL.
Jlnst naMiHapHUX TOTOKIB PyXy PiJMH MOXKHA NPUHHATH, IO NPUCKOPEHHS pyXy He3HauHe. Toxi
pPDV/ DO =0 icucrema pisusins (2) - (4) 3 BpaxysannsaM (17) IPUBOAUTELCS 10 HACTYMHOT CHCTEMH HEiHii-

HUX Au(epeHIiaTbHUX PIBHIHb:

d n ‘dl+1

—d§+(va+va) ; hf, (18)
dE d"E

pcp%+VkVE+,BE—+y(D+ Zr pyr (19)

ne M - KiIbKICTh (Da30BHX PEOJIOTIYHHMX MEPEXOMIB; 7; - CTalli 4acy CTOKY Pe3ylIbTaTy PEOJIOTiqHOro
MEPETBOPEHHSI.
BucHoBku

Cuctema piBasab (18) - (19) sBisge co0o00 MareMaTHYHY MOJCIb CHEPro-MacoOlCpPEHECCHHS B
OiooTiYHOMY OpTraHi3Mi, fKa € QYHKIIIO Aapa IHTeTpalbHOI IMITyIIbCHOI nenbTa-pyHKiil dipaka. JliBa dacTiHa

LUX PIBHSHBb OMNHUCYE IMPOLIEC KOHBEKLIHHO-KOHIYKTUBHOTO MEPEHECEHHS 3 4acoM 0, a 1pasa — MPOLEC CTOKY

pe3yIbTaTy PEOJIOTIYHOTO MePETBOPEHHS 3 4aCOM ! Yac CTOKY ! moxe nopiBHIOBaTH 200 OyTH OITBIINM Yacy

9, ane Hikomm He MeHmWM. PiBHaHHA (18) 1 (19) BHKITIOWAOTH Mapafokc Mpo OE3MEXHICTh IMIBUIKOCTI
MIEPEHECEHHs, 10 € BaXJIMBUM IPH JOCIHIKEHHI PeaIbHUX IMPOIECIB €Hepro-macornepeHeceHHs. Tak sk 1
PIBHSIHHSI ONUCYIOTH IPOLIECH SHEPro-MacollepeHECeHHs. B 00JacTi 1HTErpaibHOI IMITyJIbCHOI AenbTa-(yHKIIT
Hipaxa, To Ha rpaHuLsx wiei ¢yHKuii (auB. puc. 5, rpanuni a-b I c-d) moxinHi 3a BU3HAYAILHUM MapaMeTpoM
dp dp dE _dE
=0

MepEHECEeHHS IOPIBHIOIOTH HYJI0. IS IMX TpaHulp —— = —— — =0, mo moxe 6yTu onHiero

dg dt do  dt

3 YMOB aHAJITUYHOTO PO3B’SA3KY HENHIMHUX nudepeHianbaux piBHsIHb (18) 1 (19).
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