Ham+iykop+sHTapHa, KuciloTa+rigpaToBaHi (QynepeHu», 3 koHieHtpaiiero ECO
npoaykry 5 %, coky 3 m'akortio 25 %, uykpy 10 %, sutapuoi xucnotu 0,3 % ta
rigpatoBanux ¢ynepeniB 10%.

BucHoBKH.

Buecennss 1o ckiany (yHKIIOHAJIBHOTO HAMOK HAHOCHPOBUHU Ta O10JIOTIYHO
aKTUBHUX T00ABOK Ha OCHOBI 3€pHOMNPOAYKTIB HE MOTIPIIY€E TEXHOJOTTUYHOI CKJIaJOBOT
HAaIoIB.

Buxopucranss rigpatoBaHux (yJlepeHiB B CKJIaJli HOBOI peIeNTypH HAIOIB pa3oM
3 SHTApHOIO KHCIIOTOIO HE TIOTIPIIye OPTaHOJICTITUYHI TOKA3HWKH HAIMOiB, MOXE
MiBUIIYBAaTH €HEPTETUYHHI CTaH OPraHi3My Ta BUKOHYBATH POJb MPO(UTAKTUIHOTO
3aco0y ISl pI3HUX BEPCTB HACEJIEHHS.
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PACYET 3®PEKTUBHOI'O KOO®PUIIUMEHTA BA3KOCTH
KPUO-KOHCEPBUPYIOIIEX CPEJbl C BHUOJOI'MYECKUMH
OBBEKTAMMUM

3arponoHOBaHO METOAMKA PO3PaXyHKY KoedilieHTa B'SI3KOCTI CepeloBHINA, NMPU il aKyCTHYHOL
XBUJI1, YTBOPEHOI 010JIOTTYHUMH 00'€KTaMH 1 Kp10 - KOHCEPBYIOUUM CEPETOBHILIEM.
Kr040Bi cjioBa: KoedillieHT B'I3KOCT1, MIKPOIIOTOKH, EMOPIOH, aKyCTHKA

[Ipennoxxeno meroanka pacuera KOd(pQHUIMEHTA BA3KOCTU CPEIbl, MPH BO3ACHCTBUH aKyCTUYECKOM
BOJIHBI, 00pa30BaHHOM OMOJIOTHYECKUMH 00BEKTAaMU U KPUO — KOHCEPBHUPYIOIIEH CpeIoH.
KaoueBble cjioBa: K03 pUineHT BI3KOCTH, MUKPOIIOTOK, SMOPUOH, aKyCTHKA.

Proposed method for calculating the coefficientvisicosity of the medium under the influence of
acoustic waves formed by biological objects ana ergreserving the environment.
Keywords: coefficient of viscosity, microflow, the embryte acoustics

ITocTanoBka npoodJieMbl
Oddexr yBenmuueHuss KPUOPE3UCTHUBHOCTH TOJYYEH HA BeEChMa OTPAHUYECHHOM
Habope OMOJIOTMYECKUX OOBEKTOB: TOJOBBIX KJIETKAX M OE3bANEPHBIX KIIETKaX KPOBH
[3]. IIpakTHYeckr HE OCBEIICHBI BO3MOXKHOCTH HCIIOJIb30BAaHHS YJIBTPa3ByKa IPHU
KPUOKOHCEPBUPOBAHUM  CIEPMHUEB  CEIbCKOXO3SMCTBEHHBIX  JKUBOTHBIX.  He
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UCCJIEIOBAHbBl U MEXaHM3Mbl YJIbTPa3BYKOBOTO BO3JIEHCTBHSI Ha KPUOOMOJOTUYECKHE
CHUCTEMBI.YUUTHIBAs 9TO, IIEJI€CO00pa3HO HCCIEAO0BaTh BO3MOXKHBIE MEXaHU3MBI
BO3NIEUCTBHSI  YJIBTPA3BYKOBBIX  BOJH C  IEJIbI0O  ONTUMHU3AIMH  YCJIOBHM
HU3KOTEMIIEPATYPHOTO KOHCEPBUPOBAHUSI TAKUX OMOJIOTHIECKUX OOBEKTOB KaK cCriepMa
CEIbCKOXO3SUCTBEHHBIX JKMBOTHBIX. OJTO TIO3BOJHUT TOBBICUTh J(PHEKTHBHOCTH
CIOCOOOB  3aMOpaXKMBAHHWS M OTOTpeBa OHOJIOTUYSCKUX OOBEKTOB (CIIepMuH,
SMOPHOHBI M T.I1.) U BBISBUTH ITOJXO0JbI K HCIIOJIb30BAHHIO YIIBTPA3BYKOBBIX BOJIH IIPH
KPUOKOHCEPBUPOBAHUM OHOJOTHYECKUX OOBEKTOB. CyYIIECTBEHHBIM BOIPOCOM IMPH
TOM SIBJIIETCSI BO3MOKHOCTh (PU3MKO-MATEMATHYECKOTO OMUCAHUSI B3aMMOJICHCTBHUS
yJIBTPA3BYKOBBIX BOJIH C KPUOKHCEPBUPYIOIIEH Cpeaoi, coaepkaiieid OUoIoru4ecKkue
OOBEKTHI.

AHAJIN3 MOCJIeHUX HCCIeTOBAHNM

N3BecTHO, YTO TMpPU BO3JIECUCTBHUM AaKyCTUYECKHMX BOJH Ha KpUO —
KOHCEPBUPYIOIIYIO CPEY, COACPKAILYI0 OMOJIOTHUECKUI 00bEKT (3IMOPHOH, CIIEpMUK),
BO3HUKAIOT MHKPOIIOTOKH B MAaJOH OKPECTHOCTH Owmosiormueckoro odwekra [1, 2].
Hanuyme 5TUX MHKPOIIOTOKOB BBI3BIBAET YBEIMYCHHE KOHIICHTPAIUUA YACTHI[ KPUO —
KOHCEPBUPYIONIIEH Cpeibl Y MOBEPXHOCTH OMOJOTUYECKOTO 00BEKTa DTO MPUBOIUT K
TOMY, YTO Yy TMOBEPXHOCTH OMOJIOTHYECKOTO0 00BEeKTa 00pa3yercss MOTPaHUYHBINA CIION
YaCTHUI] KPUO — KOHCEPBUPYIOMIEH CPENbl C TUIOTHOCTHIO, OTJIMYAIOMIEHCS OT TIIIOTHOCTH
KpUO — KOHCEPBHPYIOIIEH Cpembl TpH OTCYTCTBUM aKycTHdeckux BOmH. C
THAPOJAMHAMUYECKOM  TOYKM  OOpa3oBaHHE TaKOro CJOSI Yy  MOBEPXHOCTH
OMOJOrNYeCKOro 00OBEKTa SKBUBAJIEHTHO YBEIMYEHHUIO €ro odbema. B 3ToM ciyuae
CJIEIyEeT OKUJIaTh, YTO KPUO — KOHCEPBUPYIOLIAs cpefa ¢ OMOJOTHYECKUMHU O0BEKTAMHU
OyIeT MMEeTh pa3IMYaloIIMecs] THAPOJAMHAMUYECKUE MapaMeTphbl J0 BO3ACHCTBUSA Ha
HEee aKyCTUYECKUX BOJIH U MOCJIE€ TAKOTO BO3ACHCTBUSI.

eanb craTtbu

Onpenenuts 3P hekTuBHBIN KOADPUIIUEHT BA3KOCTU CPeibl 00pa30BaHHON KPUO —
KOHCEPBUPYIOIIEH cpesioi u OMOIOTHYeCKUMU 00beKTaMH SMOPHOH WIIH CIIEPMUM.

OCHOBHBIE MaTEePHAJIbI UCCJIETOBAHUS

byneMm monaraTh, 4To Takas CJIOKHas Cpela 3aHUMAaeT HEKOTOpbIi o0beM V .

[TockonbKy paccMaTprBaeMble OHOJOTHYECKHE OOBEKTHI UMEIOT JTOCTATOYHO MAallbie
re€OMETPUUYECKHE pa3Mephbl, TO €CTECTBEHHO CYHWTATh, YTO BIMSHHUE CHJ TSIKECTH H
WHEpIIUM Ha WX JBIKEHHE mpeHeOpexxumo wmano. CrenoBareiabHO, MOXKHO
NPEINOJIOKUTh, YTO OWonormueckue OOBEKTHI JIOKAThHO MABWKYTCS BMECTE C
OKpy)Karollel #X KpUOo — KOHcepBupytomieii cpemoit. Kpome Toro, Oymem
MPEANnoaaraTh, 4To CpeaHEe PACCTOSIHHE MEXITY OMOJIOTUYECKHUMHU OOBEKTaAMH BEJIHKO
0 CPaBHEHUIO C UX JIMHEHHBIMH pa3mepamu. [loaTtomy mnporecc oOpa3oBaHHS
MUKPOIIOTOKA BOJIM3M OHOTO OMOJIOTHYECKOTO OOBEKTa MPUOIIMIKEHHO HE 3aBUCHUT OT
CYIIECTBOBAHMS JAPYIMX W KAaK IOKa3aHO B pasnene 2 MOJTHOCTHIO OMpeAessieTCs
BO30Y)KIAIOIIEH aKyCTHYECKOW BOJHOM. B 3TOM cilydae MOKHO BOCTIOJIB30BAaThCS
pesynbTaTamMu npuBeneHHbIME B [ 10 | m momyuuTs ciemyromiee BBIpaXKCHHE IS
s pexTrBHOTO KOADPUIIMEHTAa BSI3KOCTH JKMJIKOCTH, OOpa30BaHHOM KpHUO —
KOHCEPBHPYIOIIEH Cpeioil 1 OMOIOTHIECKUMU 00HEKTaMH
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5

n+_.n

TEn|1v p—2—|, DI
n+n

rae /] - KodpQUUUEHT BSI3KOCTM KPHO — KOHCEPBHUpPYIOIIEH cpensl, /]; -

KOA((PUITMEHT BSI3KOCTH OJHOTO OHMOJIOTHMYECKOTO0 OOBEKTa, B =V, / Vo -

KO3 PUIUEHT OOBEMHON KOHLIEHTPALUU OMOJIOTMYECKUX OO0BEKTOB, V- 00beM

3aHMMAaeMbIil OMOJIOTHYECKUMU 00BEKTAMHU.
B nanwpuetimem Oynem npeHeOperath K03 OUIIMEHTOM BS3KOCTH OMOJIOTHYECKOTO
obbekTa 77, = 0. Torma ¢popmyna (1) mpumer Bux

7 =n(1+8). (2)
W3 (2) cnemyer, uto 3(PPeKTUBHBIH KOIDPHUIHMEHT BI3KOCTH OOJbIIE, YeM
KOd(PIUIIMEHT BI3KOCTH KPUO — KOHCEPBHUPYIOIMIEH cpeabpl 0e3 OHOJIOrMYecKUx

00BbekTOB B [ pas.

PaccMoTpuM BHawane ciaydail KpHO — KOHCEPBUPYIOLIEH Cpellbl ¢ 3MOpHOHAMH,
KOTOpBIE MOJEIUPYIOTCS T€OMETPUYECKUMHU TelaMH B BUJE IIapa ¢ paguycom R.
ITycte N - uncino MOPUOHOB HAXOAALIMXCS B KPUO — KOHCEPBUPYIOLIEH Cpene.

bynem monarath, 4TO KpHO — KOHCEpPBUpPYIOIIAs Cpela ¢ SMOPHOHAMHU 3aroJHSIET
KIOBETYy B BHJE KPYIJIOro IMJIMHApA ¢ BbIcOTO h m pammycom R,. Torma oobem
Vo=11 Rg h. Onpenennm kodhGuUIUEHT 0OBEMHON KOHIICHTPAIUU SMOPHOHOB TMPH
OTCYTCTBHH aKyCTHYECKOU BOJIHBI. MiMeem
_4NgR®
0o— - _5 . -
3R5 h

N3 (2) nmomydaem BeIpakeHue it 3PPEKTHBHOTO KOIPPUIMEHTA BI3KOCTU

AKHUJKOCTH 00pa30BaHHON KPHO — KOHCEPBUPYIOLIEH cpeabl M SMOpHOHAMU
3
4N Dz R (@)
3Rgh

[TycTh Teneph Ha KPUO — KOHCEPBUPYIOIIYIO Cpely ¢ IMOPHOHAMHU BO3JEHCTBYET

akyctnueckas BosHa Buaa ( 1.13 ).Kak yxe ObLI0 OTMEUYEHO BBIIIE, B OKPECTHOCTH

Ononormyeckux 00bEKTOB (IMOPHOHOB), BCIEICTBHE BO3HUKHOBEHHSI MHKPOIIOTOKOB,
oOpa3yeTrcs TMOTpaHUYHBIN CIIOM YacTUI KPHO — KOHCEPBUPYIOLIEH CpPEIbl

OTpeCICHHOM TOJIIWHBI O .
sOR,2L . (5)
A

®opwmymna (5) cripaBeinBa ¢ TOYHOCTHIO IO YWICHOB MOPSAKA (a R) 2

3)

No=n|1+

Takum 00pa3oM, MOXKHO TMoOJaraTh, YTO NMPU HAJUYUK aKyCTUYECKUX KOeOaHUi
U3MEHsETCs 00BEM 3aHUMAEMbIil SMOPHUOHAMHU

_4Ngm(R+9)°
. .

CrnenosarenibHO, KO3(PGUIIMEHT O0O0BEMHOM KOHIIEHTPAIIMM SMOPHUOHOB TaK XKe
N3MEHSIETCS

Vi (6)
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3( 142 |21
s _angr(R+e) T g "’JU_ ™

B
. 37R2h 3 RZh
[Moncrasmsas (7) B (2) momyunm BeIpaskeHHE Uit dPPeKTHBHOTO KoddduimeHra
BSI3KOCTH KPUO — KOHCEPBHUPYIOIIEH Cpelbl ¢ SIMOpHOHAMH, Ha KOTOPYIO BO3ICHCTBYET

AKyCTHYCCKasA BOJIHA
4ND[1+ 3|21 J R3
A : (8)

3RZh

No=n |1+

CpasuuBas (5) u (8) nerko BuaeTh, 94TO

4N51/i7 R®

2
No=MNo=1 =1nBq 1 (©)

) A

Htak u3 (9) ciemyer, 4To Mpu BO3ACHCTBUM aKyCTHUECKOW BOJHBI Ha KpUO —
KOHCEPBUPYIOIIYIO cpeay ¢ 3MOpuoHamMu >(PEeKTUBHBIN KOAIPPHUIIMEHT BI3KOCTU
YBEIINYNBACTCSI.

Temeps paccMOTpUM cilydail KpUO — KOHCEPBHUPYIOIIEH Cpeabl CO CHEPMHSIMH. .
bynem mpeanonaraTh, 4TO KPUO — KOHCEPBUPYIOIIAS Cpella CO CIIEPMHUSIMH 3aIOTHSIET
KIOBETY B BHJI€ KPYTOBOTO IIMJIMHApPA C BBICOTOM N u pagmycom R,. B 310ii KtoBete

Haxoaurcs N - cepMues.

Paccuutaem TOJIIKWHY IIOI'PAHUYHOTO CJIOSA B OKPECTHOCTHU IMOBEPXHOCTHU CIICPMUS,
BO3HHUKAIOIICTO B PE3YJILTATC BOSHCﬁCTBHH aKYCTI/I‘ICCKOﬁ BOJIHBI.

5= |15 (10)
pOVc

I7Ie B KAYECTBE XapaKTEPHOTO JMHEHHOTO pa3Mepa CIepMus BbIOpaHa BeIWYMHA
L = 2a - nnmuHa GOJBIION OCH AILTUTICOMIAIBHOTO chepona.

Ckopoctb V. MHKpPONOTOKAa y TMOBEPXHOCTH CIEpMHUsS, KakK CIEAyeT W3
pe3ynbTaTOB MOJYUYEHHBIX B MoJpa3fene 2.3, UMeeT BUJL

. -acégy
VC:A\BZG72 (1"‘0’050)' (11)

2¢” po <o

31ech A - ammmMTyna aKyCTHYeCKOW BOJIHBI, a - ko3(dpdunueHt, a
reoMeTpudeckue napameTpsl B, C, £ ompenenstorcs cieayromum oopa3om
B= 2a —. (12)
2+ —/n
c a+tc

c=4a’-b?, &, =a/c.

[MoxcraBiss (12)B (11) mocie psiaa mpeoOpa30BaHMiA MOJTydaeM

\7C = Ae_aa (1+ a a) (13)
Po a(2+a€n b J
c atc
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Tak kak reoMeTpuuecKue pa3Mepbl CIEpMHsI Majbl, TO JOKHO BBITOJIHITHCS
HepaBeHCTBO @ @ << 1. Toraa u3 (13) ¢ TOYHOCTHIO JIO YWICHOB MOPSIKA (a a)2

HNMEEM

Ve=-"~ (14)

Po aF
a b
rne F=2+—1/n .
C a+c

Bocnons3zoBaBmincs  (14), u3 (10) mosydaeM BbIpaKE€HHE IS  TOJIIHUHBI
HOTPAaHUYHOTO CJIOS CIIEPMHUS

s=a 2F1 (15)
A

Paccuntaem s¢pdexTuBHBIA KOAPGUIUMEHT BS3KOCTH KPUO — KOHCEPBUPYIOIEH
Cpelbl CO CIIEPMUAMU MPU BO3JAECHUCTBUU aKyCTUYECKON BOJIHBI. {151 3TOrO0 JOCTaTOYHO
onpeneanuTh Ko3pHUIMeHT 00beMHON KOHIIEHTpaluu criepmuii. imeem
_ 4N, |ab? + 5 (b2 + 2ab)| (16)
© 3RZh

DopMyIIa CIIpaBeIHBA ¢ TOYHOCTBIO 10 WICHOB mopsizka O 2. Jlanee, COrmacHo

(2) nomyuaem muist 3phekTuBHOTO KO PHUIIMEHTA BI3KOCTH /] . MIPEICTABICHUE
aN, |ab? + 5 (b2 + 2ab)|

n . = 1+ (17)
_ AN.ab(b+2a) [2Fp ( 2a) 2F i
- = = 1+ — =27, (18
Me=Nc.=1 3RZh \ L . A (18)

N3 (18) cmemyer, uTo Kak W B cly4ae KpPUO — KOHCEPBHPYIOIIEH Cpembl C
IMOpHOHAMH, BO3JCHCTBHE aKyCTUYECKOW BOJHBI TMPUBOAUT K  YBEIHUYEHHUIO
3pdekTuBHOrO Kod((uiMeHTa BI3KOCTH KPHO — KOHCEPBUPYIOLIEH Cpelnbl Cco
CHEPMUSMHU.

PaccMoTpuM Temeppb, Kak M3MEHSETCS TOJIIMHA MOTPAHUYHOTO CJIOS KpUO —
KOHCEPBHPYIOIIEH CPebl Y MOBEPXHOCTH OMOJIOTHYECKOT0 00BEKTa B 3aBUCUMOCTH OT
CpeIHEro 3Ha4YeHHsI CKOPOCTH MUKPOIIOTOKA.

5= |12R 5 - |28 (19)
PoVy PoV

rne 05 U O, - COOTBETCTBEHHO TOJILIMHA MOrPaHCIO0s A SMOpUOHA UM IS
criepMusi, /] - AMHAMUYECKast BSI3KOCTh, & 0 - IJIOTHOCTh KPUO — KOHCEPBHUPYIOIIEH
cpensl, V5 m V. - COOTBETCTBEHHO, CPEIHHE CKOPOCTH MHUKPOIIOTOKOB IS

SMOpPHOHA U CIICPMHUS.

Kak crneayer u3 (19) TonuHBI MOTrPaHCIOEB MOHOTOHHO YOBIBAIOT C POCTOM
CKOPOCTH MHUKPOITOTOKA.

B paznene 2 Ob110 YCTaHOBJICHO, YTO NMPU M3MEHEHUU MOIIIHOCTH 3BYKOBOM BOJIHBI
P B mpeaenax or 1 mMkBT g0 5SwmkBT u vactotel f =10+ 50k['n ckopoctu

MHUKPOIIOTOKOB MOTYT IPUMEHSTHCSA B CIEIYIOINX MIpeaenax !
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TSl SMOPHOHA

03¥ <v, <33

C C
TUTSL CTICPMUSI
4888 <v_ <5462 .
C C
Kak cnemyer u3 ¢opmyasr (19), ToNIMHBI MOrpaHCiIoeB ObICTPO YOBIBAIOT C
YBEJIIMYECHUEM CKOPOCTEH MHKPOMOTOKOB. Tak B cirydae OMOIOrMYEcKOro 00BEKTa THIIA

. — M

CIepMUIl IpU CKOPOCTH MHMKpomoToka V. = 546 — TOJIIMHA MOTPAHCIION
C

coctaBnsier O, = 55A , a B ciyyae >MOpHMOHAa NpPH MaKCUMaJIbHO BO3MOXKHOM

— M
CKOpPOCTH MHUKPOIIOTOKA V5 =33—  rtommuuHa norpaHcios O = 019mxwMm.
C

Ananus IMPOBCACHHBIX PACUHCTOB IIOKa3alJl, YTO MAaKCHMMaJIbHO BO3MOJKHBIC TOJIIHHBI
IOTPAaHCIOCB PCAIUIYIOTCA IIPU CKOPOCTAX MHUKPOIIOTOKOB, COOTBCTCTBCHHO, [JIA

CTIIepMUsI V. = 488 Y mns smbpuona Vg = 032, D CKOPOCTH
C C

MUKPOIIOTOKOB JIOCTHTAIOTCSI TIPH CIACAYIOMUX 3HAYCHHUSX MOIIHOCTH M YaCTOTHI
BO30yaaromie akyctmdeckod BoiHbl P =1 wmker w f = 50k['m. TommuHsr

TOTPaHCIIOEB COCTABIIAIOT : JUTs oMOproHa O = 062mkm u J, = 184A.

BoiBOABI

Pazpabortan anroputm pacdeta 3pdekTuBHOT0 K0IP(HUIMEHTA BSI3KOCTA CPEIbI,
00pa3oBaHHON OMOJOTUYECKUMH OOBEKTAMU U KPHUO — KOHCEPBHUPYIOLIEH CpenoH.
[lokazano, uto 2P EeKTUBHBIN  KOIDPHUIIMEHT BAZKOCTH CMECH KpPHO  —
KOHCEPBUPYIOIIEH Cpelbl U OHOJIOTMYECKHX O0BEKTOB ( AMOPHOH, CIIEpMHU ) TpH
BO3JIEUCTBUM aKyCTHYECKON BOJHBI YBEIWYUBAETCA MO CPABHEHHUIO C 3(PHEKTHUBHBIM
K03(PUIIMEHTOM BSI3KOCTH MPU OTCYTCTBUU aKyCTUYECKON BOJIHBI.
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