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3AKOH JI. BEPHYJIJIU
D. BERNOULLI'S LAW

p + 2pv2 + pgh = const
(BOONb NMHWK TOKA), BepHynM nokasan, YTo
A€ P — NNOTHOCTb XXNAKOCTH, [laB/ieHne, oka3blBaeMoe

ANIE : \f
DA -GN P — AaBNEHNE, V — CKOPOCTb [BWXXYLLENCS XXNAKOCTbIO Ha

BASILEENSIS

EXERCITATIONES QUEDAM cBO6OAHOro naaeHus, h — CTaTU4ECKOro aaBneHud,
MATHEMATICAZ. BbICOTA NpUYEM pa3HuLa paBHa

NOMIOBMHE KBaJpaTa
CKOPOCTW, YMHOXXEHHOW Ha
MNIOTHOCTb.
Bernoulli showed that the

ot pressure exerted by a
VENETIIS. MDCCXXIV. S ; moving liquid on the walls is
Apud Domiicom Lovitan. ST ‘ ?f less than the static pressure,
e e SR, == AT e Ry and the difference is equal
S = to half the square of the
; velocity multiplied by the
density.




B coBpemeHHOU MeauIMHE YpaBHEHUE bepHYIUIN HCTIONIB3YIOT MHOTAA
B MOJU(DUIITUPOBAHHOM BH/JIE:

Ap ~ 4v?

rae Ap — TrpaJiMeHT NaBJICHUS HAJ[ aOpTaJbHOM KjamaHOM, KOTOPBIH
3aBHICUT TOJIBKO OT CKOPOCTH KpoBH (V) Ha HEM.

(Cpenuuii ¥ TUKOBBIM TPAJUCHTHI Yepe3 KilalaH, PacCUUTAHHBIC II0
«MOTH(UITMPOBAHHOMY YPaBHCHHIO bepHYM», 0CTAalOTCS BaKHBIMHU
napaMeTpaMH ISl OIICHKH CTETICHH CTEH03a a0PTaJIbHOTO KJIallaHa).

In modern medicine, the Bernoulli equation is sometimes used in a
modified form: 5
Ap ~ 4v

where Ap is the pressure gradient above the aortic valve, which
depends only on the blood velocity (v) on it.
(The average and peak gradients through the valve, calculated using
the "modified Bernoulli equation”, remain important parameters for
assessing the degree of aortic valve stenosis).



Diinep BBIBOAUT JiBa OOILIMX YpaBHEHMS JJIsI OMHOMEPHOTO HECTAIMOHAPHOIO MOTOKA HECKMMAEMOM KMIKOCTH
gyepes3 YIpyryr Tpyoky (IIpeamnonaracTces, 4To »KUIKOCTh IPUBOAUTCS B JBM)KCHUE MOPIITHEBEIM HACOM):

. os/ot + O (VS)/@Z = () [Tpy MaJIbIX U3MEHEHMSIX

BEJIMYMH S U P U MaJIbIX V
ypaBHEHHUS DUiepa
1l. 2g(0p/0z) + v(0Ov/0z) + ov/ot = O HPUHAMAIOT BIL:
0%p/ot? = C?0%p/oz?,
rne ¢ = (pD)*u D —
BEJIMYMHA,
XapakTepu3yrouas
pacipeHue Tpyoku
(aprepun). Takum
00pa3oM, Ipu yKa3aHHBIX
YCIOBUSIX TTOJTy4aeTCs
OJTHOMEPHOE BOJIHOBOE
ypaBHEHHE, KOTOPOE
n3ydanoch Jlamamoepom,
DUJIEPOM U HEKOTOPBIMH
APYTUMH MaTeMaTUKaMHU.

K KOTOpBIM Jo0aBisercs ad hoc ycmosue
s=2Xp/lc+p

rae s = s(Z,1) — mIomaas MoImepevyHoro CCUCHUS apTePHH;

V = V(z,t) — ckopoCTh TOKa KPOBH;

p = p(z,t) — naBmeHme (Hamop);

t — BpeMsI; z — KOOpJIMHATA BJIOJIb TPYOKH;

C — KOHCTaHTa, OTpa)KaroIIas IMMOAATINBOCTh CTCHKH TPYOKH;
> — MaKCUMaJIbHasl TUIOMIAIb CEUYSHHSI COCY/a.




Euler derives two general equations for a one-dimensional unsteady flow of an incompressible fluid through an
elastic tube (it is assumed that the fluid is driven by a piston pump):

I. 8s/0t + 6 (vs)/dz = 0

For small changes in the
1. 2g(0p/0z) + v(0v/0z) + Ov/0t = 0y ERENEIEEUREREREL
v, the Euler equations take
with ad hoc additional condition & /attgifgg g;p 622,
where ¢? = (pD)*and D —
the value that characterizes
the expansion of the tube
(artery). Thus, under these
conditions, a one-
dimensional wave equation
IS obtained, which was
studied by D'Alembert,
Euler and some other
mathematicians.

s=2Xp/lc+p

where s = s(z,t) Is the cross—sectional area of the artery;

vV = V(z,t) — blood flow rate;

p = p(z,t) — pressure (head);

t Is the time; z is the coordinate along the tube;

c iIs the constant characterizing the ductility of the tube wall;
> is the maximum cross—sectional area of the artery.




«Xpam HayKn — CTPOCHUE MHOTOCJIOKHOE. Pa3inuHbl TpeObIBAIOIINE B HEM JIFOJM U MPUBEAIINE UX Ty/la JyXOBHbIC

CHUJIBI. HCKOTOpBIe 3AHUMAKOTCA HaYKOfI C ropabiM 9yYBCTBOM CBOCTO HMHTCIIICKTYAJIbHOI'O HpGBOCXOI[CTBa; AJId HUX
HayKa ABIACTCA TCM IOAXOIAIINM CIIOPTOM, KOTOpBIfI AOJDKCH MM JaThb IIOJIHOTY JKHU3HHM H YHOBJICTBOPCHUC
4ecToao0uss. MOXHO HAalTH B XpaMe€ M APYTHUX: IUIOJIbI CBOMX MBICIIEH OHU MPUHOCAT 37I€Ch B KEPTBY TOJIBKO B
YTUIIUTAPHBIX OCIIAX. Ecnu ObI mociaHHEBIIl OOTOM aHTEN IMPpUHIICI B XpaM W HM3IrHaJl U3 HCTO TCX, KTO IMIPUHAIJICKUT K
STHUM JIBYM KaTeropusiM, TO XpaM Karactpoduuecku omycten Obl. Bce-Taku koe-KTo W3 JIIoAeH Kak MPOILIOro, Tak U
HaIlleTO BPEMEHU B HEM ObI OCTAJICA. ...
A XOpoIo 3HAK, YTO MbI TOJIBKO 4YTO C JCTKUM CCPpALCM H3IrHAJIM MHOI'HX J'IIOI[GfI, IMMOCTPOUBLINX 3HAYUTCIIbHYIO,
BO3MO>KHO, AaKC HaI/I6OJ'IBIHyIO, qacCTb HayKI/I; 10 OTHOICHHUIO KO MHOI'UM IPHHATOC PCHICHUC OBLIO OBI JJIA HAIIC1ro
dHI'¢lia T'OPbKHUM. Ho OHO KaXETCd MHC HCCOMHCHHBLIM. €CJIH OBI CyHICCTBOBAJIIM TOJIBKO JIXOAH, HOI[O6HI>I€
HN3rHaHHbIM, XpaM HC ITOIHAJICA 6BI, KakK HE MOT OBl BbBIPpACTH JICC U3 OJHUX JIMIIb BbIOIIHNXCA paCTeHHfI>>.

A. DUHIITEHH
The Temple of Science is a complex structure. The people who live in it and the spiritual forces that brought them
there are different. Some people engage in science with a proud sense of their intellectual superiority; for them,
science is the right sport that should give them fullness of life and satisfaction of ambition. You can find others in the
temple: they sacrifice the fruits of their thoughts here only for utilitarian purposes. If an angel sent by God had come
to the temple and driven out those belonging to these two categories, the temple would have been catastrophically
empty. Still, some of the people of both the past and our time would have stayed in it. ...
| am well aware that we have just, with a light heart, expelled many people who built a significant, perhaps even the
largest, part of science; in relation to many, the decision taken would be bitter for our angel. But one thing seems
certain to me: if there were only people like the exiles, the temple would not have risen, just as a forest of climbing
plants alone could not grow."

A. Einstein



