O©®pany I'epman Ypaenenue nepemoxa o1 coobwarowuxcs cocyoos

®pann I'epman

YPaBHeHI/le InepeToxka s €co00IAIOIIMXCS COCYyI0B.
( www.franz-hermann.com )

1.00mee ypaBHeHue

PaccmoTpuM  KilacCMYeCcKyr — 3ajady  THAPABIMKU:  INEPETOK  JKMIKOCTH B
coobmaromuxcst cocyaax. Ilyctb mmeeM JBa OJIMHAKOBBIX pe3epByapa, COEIUHEHHBIX
TpyOompoBogoM. OAMH TOJHOCTHIO 3aINOJIHEHBIN, Apyroi myctoil. s mpocTtoTel Oyaem
CUMTaTh, YTO pPe3epBYyaphl PacHoONOKeHbl Ha oJHOM ypoBHE (Puc. 1) M UMEIOT MOCTOSHHYIO
MPOJOJIbHYIO (MapaljIeNIbHO 3€pKaly KMJIKOCTH) IJIOLIab CEUEHHUS.

B aGcomoTHOM OONBIIMHCTBE Y4EOHUKOB O THAPABIUKE pacCMaTpUBAETCs 3a7ada; 3a
Kakoe BpeMs B O0OHMX pe3epByapax ypOBEHb XHIKOCTH YCTaHOBHTCS OJMHAKOBBIM. MBI
OyIeM cuHTaTh, YTO BpeMs MepeToka HaMm u3BecTHO. Hac Oyner mHTepecoBaTh BHUJl CaMOTO
Tu¢depeHInaIbHOTO YPaBHEHMS, OMMCHIBAIOIIETO JAHHBIH Mpoliecc.

Puc. 1

JleficTByIOIIEl CWJIOM NaHHOIO IIpoLecca SBISETCS CWJIA TSHKECTH, II03TOMY IO
aHAJIOTHH C IPOLIECCOM CBOOOTHOIO NaIeHUs] MaTEpPUAIbHOM TOUKH MOXKEM 3aInCaTh:

d’H _
dt’

—kg, (M

3nech H — Hamop (YpoBeHb KHAKOCTH), € — YCKOpEHHEe CBOOOIHOTO MajAeHus,  — Bpems, k —
HEU3BECTHBIM MOKa KOA(pUIMEHT. 3HAK MUHYC B YPaBHEHHH CTOMUT IOTOMY, YTO IPOLECC

SBSUIETCS. PAaBHO3AMEUICHHBIM, B OTJIMYHE OT PAaBHOYCKOPEHHOrO Ipoliecca CBOOOIHOTO
2

dt’
Pemenue ypaBuenus (1) numeer Buz:

nageHus ( =g).

t2
H=—kgT+Clt+C2, )

31€Ch Cl u CZ - KOHCTAHTBI UHTCTPHUPOBAHUS, OIIPCACIIICMBIC U3 HAYAJIbHBIX U I'PaHUYHBIX

YCJIOBUH.
PaccmoTpuM paHHBIA TPOLIECC OTHOCUTENIBHO MOJIHOTO pPe3epByapa, M3 KOTOPOTO

xunkoctb BbiTekaer. [lpu ¢ =0 H = H . Orcroga nonyuaem: C, = H. Ilpu ¢ = T (Bpems
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H
mporiecca, 3a KOTOpoe MPOUCXOIUT BHIpAaBHUBAHKUE YPOBHEW B pe3epByapax) H = TO T. e.

MOKEM 3aIInucarTh:
H 1
T" = —EkgTZ +C,T+H,.

kgT’ - H,
2T

B Touke # =T pomxeH ObITh SKCTPEMYM (MHHHAMYM, T. K. IPOLIECC OCTAHABIUBACTCS,
Puc. 2)

Otkyna nonyvaem: C, =

H
A
HO _____ \-
H,---oo---7 i
2 |
> ¢
T
Puc. 2
T. e. MOXEM 3amucars:
H=-kgt+C, =0 3)

Otkyna, npu ¢t =T, nonyuyaem: C, = kgT . IIpupaBHuBas nBa Belpaxkenus ans C,,
 kgT*-H

II0JIy4aeM TaKO€ PaBEHCTBO: TO = kgT . VI3 3TOro paBeHCTBAa HaXOJUM BBIPAKECHUE

JUIST KOHCTAHTEI k:

H,

k=-—
gT’

4
H
U c yuérom (4): C, = —TO.

[ToncraBnsis HaliicHHbIE KOHCTAaHTHI B (2), MOJTy4yaeM ypaBHEHHE, TOKa3bIBaIoOIlIEe
3aBUCHMOCTH Haropa (ypoBHS) OT BpEMEHH I [IEPBOTO pe3epByapa.

H
H=_ (¢* 21t + 217) (5)

PaccMOTpuUM  J@aHHBIM IIPOLIECC OTHOCHUTEIBHO BTOPOIO pe3epByapa, B KOTOPBIH
xunkoctb Brekaer. Ilpu ¢ = 0 H =0. Otcrona nonyvaem: C, =0. Ilpu ¢ = T (Bpems
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H
mporiecca, 3a KOTOpoe MPOUCXOIUT BRIpaBHUBAHKME YPOBHEH B pe3epByapax) H = TO T. e.

H, kgT*
MOKEM JaIIHCATE: — & = ===

B Touke ¢ =T Taxke AOIKEH OBITh 3KCTpeMyM (MakcumyM, Puc. 3)

+C,T.

H
A
H -1 -
Hy-otoeoo |
2 |
> ¢
T
Puc. 3
<&
Puc. 4

Paccysxnas aHamOrn4HO IPEabIIyIIEMY, TOIyYaeM:

k= o
gT’

(6)

nC,=—-.
T

IToncraBnsiss HalGHHbIE KOHCTAHTHI B (2), MOJy4YyaeM YypaBHEHHE, IOKa3bIBAIOIIEE
3aBUCHUMOCTH Haropa (ypoBHsI) OT BPEMEHH JJIsI BTOPOTO pe3epByapa (IIPUTOK KUIKOCTH).

H=—2H° t(¢—27) (7)

T2
C yuéroMm HaliJIeHHBIX KOHCTaHT, ypaBHeHUE (1) npuHUMAaET BUA:

+ Mo ®)

d’H _
dt’

Ecnu nepen nmpaBoii yacThio ypaBHEHHs (8) CTOMT IUIIOC, TO Mbl UMEEM YpaBHEHHE,
OIMCHIBAIOLIEE TpOLECC yObIBAaHMSA YpPOBHS JKMAKOCTH JUIsl mepBoro pesepByapa. Ecim —

3
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CTOUT MHHYC, TO INOJIy4aeM ONHMCAaHHWE CUMMETPUYHOIO MpoIlecca — MPUTOKA >KUJIKOCTH BO
BTOPOI1 pe3epByap.

Ha Puc. 5 noka3zansl auarpaMMbl MPaKTUYECKOTO 3KCIEPUMEHTA MEPETOKA BOIBI U3
pesepByapa P1 B pesepByap P2 (naHHBIE S5KCHIEpUMEHTa Ha qUarpaMMe Moka3aHbl TOUKaMH, a
TEOPETUYECKHE KpPHUBBIE , MOCTpOoeHHBIE 1Mo ¢opmyinam (5) u (7), mMoKa3aHBl CIUIOIIHOM
JUHUEH.)

N I
16l\ﬂ\u m PILH ®m P2H|
14 \“\D\ HI H2 |
12 =
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2. DKCNOHEHIHAJIbHBIH BU/l YPABHEHHUS

DKCMOHEHITUATBHYIO (DYHKIIMIO €~ MOYXHO Pa3JIONKHUTh B P CISIYIONTUM 00pa3oM:

2

_ X
e =1— x4

2

3anumieM paBeHCTBO (5) B TaKOM BHIE:

H t 1t
_ Ty (2 2)_ _
H(t)_2T2 (t 2Tt + 2T ) H,1 _T+_2[_Tj

O‘ICBI/II[HO, 9TO B CKOGKaX MOCJICOHCTIO BBIPAXKCHUA CTOAT TpU IMCPBLIX UYIICHA
pa3NioKeHUs SKCIIOHEHITMaIbHOM GyHKInU. T. 0. MokeM 3amucarh:
_t
~ T
H(t)~ H,e (9)
[To anamoruu ¢ npeapIynuM paBeHCTBO (7) OyIeT UMEeTh BHI:

t

H(t)~-H,|e T +1 (10)
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3. ®opmyJia CKOPOCTH BOJBI B TPYOONPOBOJE COOOIIAIOIIMXCS COCYA0B

CDopMyna AJI BBIYHUCJIICHUA CKOPOCTH KUIAKOCTH B pr6OHpOBOI[e HUMCECT BU:

; (11)

IZIe § - pacxoj KUAKOCTH, § - CEYeHHE TpyOoIpoBoja. Pacxo ®HUIKOCTH BBIYUCISIETCS IO
dhopmyre:
40

q=—7 (12)

40)

[To ycnosuro 3agaumn H ( ) = 8§ = const . Torna MOXeM 3anucarb: ¢ =
t

S-H(t
7(). IloncraBnsas
noyueHHoe BeIpakeHue B (11) u ¢ yu€rom (9), momydaem GopMyiay CKOPOCTH KHIKOCTH B
TpyOOIPOBOJIE, COSAUHSIONIEM HAIIH PE3EPBYaPHI.

H -L
wzheT (13)
s-t

[Tox koHer xoTenoch OBl OTMETHUTH, uTO [IpuUpona OYEHb HACHIIIEHA 3aKOHAMH,
KOTOPBIE UMEIOT BUJ IKCIIOHCHIMANBHBIX (QyHKIWi. 1, BuAMMO, THAPOIMHAMHKA 37eCh HE
SIBJIIETCS WCKItoueHHueM. He 3amaBasich KaKMMH-TO OOBSICHCHHSIMH M KOMEHTAPUSIMHU MBI
MPOCTO TPOCMOTPENN CIPABOYHUK O (PU3HKE U BBIMUCAINA HEKOTOPHIC KIIACCHYECKHIE 3aKOHBI
(cm. Ilpunoxenue).

JaHHyt0 3a/1a4y HE CJIO0XHO O0OOIIUTH Ha CIydall pe3epByapoB, pPacIONIOKEHHBIX Ha
Pa3HBIX YPOBHSIX U UMEIONINX JPYTHe HAYalbHBIC YCIOBUS.

Ilpunoscenue

3KCHOH€HHI/I3JILHLIB 3aKOHBbI (l)I/I3I/IKI/I

1. Mexanuueckue KoJjieOanus

btw,

2n
Aye

N
Il

2. Kunernueckas Teopus ra3oB
Pacnpenenenne Makcaeina

dn = ku’du - e(_':']

Pacnipenenenue MoJieKys o SJHEPrusam

W,

dn, =EdW -e T

3aKoH pacnpeeneHus: CBOOOTHBIX TPOOEroB
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dw(x)=no-dx-e™"™
3. Crartuctuueckasi pusuka

Pacnipenenenne ['n60ca

Q(E) =
o(E)= ( )e e
VA
bapomerpuueckas popmyina
_mgz
P=Pe "
4. KBaHTOBas CTaTUCTHKA
Pacnipenenenue bose - DiiHinTeiina
w-p
Ei _ g
Ni
Pacnpenenenune @epmu - {upaka
w—p
Ei _ oy

i

5. Btopoii 3ak0H TepMOJIMHAMUKH (CTATUCTUYECKUN CMBICI)

>

6. bpoyHOBCKOE JBM)KEHUE

7. Teopus )kuAKOCTEN

BsskocTh
w
n="Te
Koaddurmument muddyznn
v
D=E.e ¥
8. TemnoéMKOCTb TBEPABIX TEN
JlmHa cBoboaHOTO TIpodera hoToHa
T
A=k-e T
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9. Teopust mia3mel
[ToreHan noJist TOYEYHOTO 3apsaaa

p=g-e?

10. Teopust Moy IpOBOAHUKOB
KoHueHTpanus 31eKTpOHOB MPOBOIUMOCTH H ABIPOK

AW

n=p=,/N.N, e WT

3aBHCHUMOCTh TOKA OT BHEIIHETO HaITPAKCHUA

elU

I=1)e* -1

DOMHCCUOHHBIE SIBJIEHHS B MeETa/UIaX. 3aBUCUMOCTHb IUIOTHOCTH TOKA XOJIOTHOU
AMUCCHUH OT HAMPSKEHHOCTH

_E
j=&-e”
SIBneHue caMOMHAYKLIUU
_Re
I=1e *
11. DnexTpoMarHuTHbIE KOJIeOaHUs
AMIUIMTY 12 3aTyXaloMIMX KoJeOaHui
A= Aje™”
12. OCHOBBI aKyCTHUKH
VYpaBHeHue chepruueckoi BOITHBI
A i(kr—wt)
p=—e
r
13. MonekynsipHas ONTHKA
3akoH byrepa - JlamGepra
I=1.e"

14. TenoBoe U3IIyYeHUE
®opwmyia [Inanka



O©®pany I'epman Ypaenenue nepemoxa o1 coobwarowuxcs cocyoos

hv

e=be T

15. KBanTOBasi MEXaHUKa
Pewmenune ypasuenus llpénunrepa

fley=e"

OO0BEMHAs MIIOTHOCTD AJIEKTPUIECKOTO 3apsia

r

P =pye”

16. DneMeHTapHbIC YaCTUIIBI
BousinoBast hyHKIHS

ITorenmuan B3aumoneiictBusa FOkaBEI

mCr

V(r)=ge *

17. DnexkTpoTexHuKa
najJieHue HanpspkeHus U Toka B nenu CR

t t
U=U,e * I=1I,e *
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