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OBIIA A1 XAPAKTEPUCTUKA PABOTbBI

AKTYyaJIbHOCTb HCCJI€JOBAHUS

MuUKpopeoIornyeckue napameTpbl KpOBU OTPAKAIOT €€ TEeKy4Yre CBOMCTBA B KAITWJI-
JApax u MaJbix cocyaax. [To ©ompleit 9acT OHM 3aBUCAT OT CBOKCTB KJIETOK KPOBU
(Takux Kak pa3Mepsl KJIETOK, UX 1e(pOpMUPYEMOCTbD U JIP.), a TAKKE OT B3aUMOJICUCTBUS
(bopMEHHBIX JIEMEHTOB KPOBU MeX1y cO00# (arperarus 3puTpOIUTOB/TPOMOOITUTOB,
B3aMMOJICHCTBUE KJIETOK KPOBU U COCYAUCTOrO SHAOTENMA U 1p.) [1].

DPpUTPOLIUTH — KPACHBIE KJIETKU KPOBU, OCHOBHAS (DYHKIIM S KOTOPBIX 3AKJIIOYAETC S
B IIepeHOCe KUCJIOpOo/ia K TKaHSIM M YIJIEKMCJIOTO ra3a OT TKaHel, 00J1aaiT CIIOCOOHO-
CThI0 0OpaTUMO AePOPMHUPOBATHCS B CIBUTOBOM ITOTOKE, UYTO MO3BOJISACT UM MPOXOAUTh
CKBO3b KalWUISPbl, AUAMETP KOTOPBIX MEHbIIIE, YEM HX MOINEpPEYHbIe pa3mMepsl [2].
CnocoOHOCTh PUTPOIUTOB K AedopMaliiy MO3BOJISIET UM TaKKe yBEJIMYMBATDH ILIO-
1ab TOBEPXHOCTH, YTO MOBBIIMAET 3(ppeKTUBHOCTH Ta3000MeHa [3]. DpUTPOIUTHI TPU
MaJIbIX CIBUTOBBIX HAMPs’KEHUSX B IMOTOKE KPOBU CITIOCOOHBI OOPAaTHMO M CIIOHTAHHO
B3aMMOJIEICTBOBATH IPYr C APyroM. JaHHOE B3aMMOAENCTBUE IPUBOIUT K CO3JaHUIO
JIMHEHHBIX 1 O0Jiee CIOKHBIX CTPYKTYP — IPUTPOIMTAPHBIX arperaTtoB, U Ha3bIBaeT-
cs arperauueit sputpoutoB (AD) [4]. AD u nedopmupyeMocTb pUTPOLUTOB (1)
CYIIIECTBEHHBIM 00pa30M BIHUSIOT Ha BSI3KOCTh KPOBU M MUKPOILMPKYISAIMIO BO BCEM
OpraHu3Me.

TpoMOOLIUTHI UTPAIOT BAXHEUIITYIO POJIb B MOAJAEPKAHUNA CUCTEMBbI KpoBooOpaiile-
HUs, YY4acCTBYsl B Ipoiieccax TpoMOooOpa3oBaHUs M Koaryisaiuu Kposu. [Ipu mospe-
KJICHUA CTEHKH KPOBEHOCHOTO COCyda TPOMOOITUTH aKTUBUPYIOTCS, aAre3UpyIOTCs Ha
MOBPEXAEHHON COCYIUCTON CTEHKE Y B3aUMOJICUCTBYIOT JIPYT C APYrOM MOCPEACTBOM
arperaruu TpomoonutoB (AT) [5].

B opranusme nponeccsl A3, 19 u AT B3aumoBMA0T apyr Ha gpyra. K npume-
py, uamMeHenue 1D npuBoguT K udmeHeHuo A [6, 7]. B cBowo ouyepenp npouecc A
B COCY/IaX MPUBOAMWT K BHITECHEHUIO TPOMOOIIMTOB M3 IIEHTpa COCyda K ero CTeHKe,
YTO MO3BOJISIET TPOMOOIIMTAM JIydllie BHITOJHATH CBOM OCHOBHbIe (pyHKIMH [8]. Takske
BA)KHO OTMETHUTb, YTO COCYAUCTBIN SHIOTEIMN OKA3bIBAET BO3IEHCTBUE HA paCCMATPU-
BaeMbI€ MPOIECCHI, 3HAUYUTEILHO B HA HUX [9].

B TedeHue nocieHUX AeCATWIETHUH 00JIE3HU CUCTEMbI KpPOBOOOPAITIEHUST OCTAIOTCS
OCHOBHOI NIPUUMHOUN CMepTH B OOJBIIMHCTBE cTpaH Mupa [ 10]. OCHOBHBIM OAMHOXE-
CTBOM JaHHBIX OOJIe3HEH ABIAIOTCA cepaedHo-cocyaucThie 3a0oneBanus (CC3). pu

CC3 mnapameTpbl KpOBH, U B TOM YHUCJIE, MUKPOLIMPKYJISALMS KPOBH, MPETEPIICBAIOT
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3HaUUTEJIbHbIE U3MEHEeHUS, UTO MPUBOAUT K YXYIIIeHUo nepdy3ud TKaHei, Hapylie-
HUSIM CUCTEMBI TOMEOCTa3a U Apyrum ocijiokHeHusM [11]. K npumepy, noHmkeHHas
J1D NMpUBOAMT HE TOJILKO K HAPYIIEHUIO CIOCOOHOCTH IPUTPOIUTOB MPOXOANTD Yepes
TepMUHAJIbHbIE KAWJUISIPhl, HO ¥ 3aMeJIsIeT BICBOOOXK IEHUE BA30AKTUBHBIX MEIUATO-
POB, HEOOXOIUMBIX IS Bazoperyasiuu [12]. To B cBOIO odepe/ib MOXKET MPUBOIUTH
K JTUC(QYHKIIMU SHIOTEIUS U PA3IMUYHBIM COCYIUCTBIM OCJIO)KHEHUSIM, K TIpUMepy, ap-
TepuanbHOi runeprensuu [13]. I[MoBeimienHas AD u noHvkeHHass 1D HabOmopaoTcs
npu auadete 1-ro u 2-ro tuna [14], aprepuanpHoii runeprensu [15], uimemmuyeckoii
6one3nu cepana [16], mpu ocTpoii apTepuaabHONH/BEHO3HOW HempoxogumocTh [17] u
apyrux CC3 [4]. IHoseieHHas AT npu CC3 nprBOIUT TAKKE K MOBBILIEHHOMY PUCKY
obpazoBaHus TpomoOoB [18].

BaxHO OTMETHUTB, YTO B PsiJie Cy4aeB OTKJIOHEHHUE MMapaMeTPOB MUK POIUPK YJIALIAA
OT HOPMbI MOXET yKa3blBaTh Ha aKTUBALIMIO PETYJSTOPHBIX (PYHKIIUI OpraHu3Ma, a He
Ha HAIMYKE NMATOJIOTHYECKUX MPOLIECCOB B opranusme [4, 19].

HecMoTps Ha TO, UTO KPOBb U €€ MUKPOLMPKYJISILIUS UCCIIE1YETCs MHOTO JIET, OCTa-
€TCS MHOTO BOIIPOCOB M HEACHOCTEN mo nosogy mnpouecco A, 11D u AT [20]. B
YACTHOCTH, JI0 KOHIIa He uccieaoBaH(bl) MexaHu3Mm(bl) AD. He moiaHOCThIO M3y4YEeHO
BJIMsIHUE psifa (paKTOPOB HA AD: COCYAUCTOr0 SHA0TEIH s, OEJIKOBOIO COCTABA MJIa3Mbl,
BiusiHre /1D Ha AD u MHorux apyrux. Ha gaHHbBII MOMEHT HEU3BECTHO, KaK MEXKAY
co0O0i1 CBsI3aHbI pa3IMYHbIe MapaMeTPbl MUKPOIUPK YA B HopMme U pu CC3. PyH-
JAMEHTAJIbHbIE W TIPUKJIA/IHBIE UCCIEOBAHUS MAPAMETPOB MUKPOLMPKYJISIIMU KPOBU
MO3BOJIAT pa3padoTaTh HOBbIE METOAUKU €€ U3MEpPEHUsl, a TaKXKe HOBBIE MPOTOKOJIbI
nedyenus maiueHToB ¢ CC3, 4To 00YCIOBICHO MOBHIAKIIUMCSI UHTEPECOM K OIIeHKE
rapamMeTpOB MUKPOLIMPKYJISLIUY KPOBU B METMIIMHCKOM HayKe. [JaHHbIl MHTEpeC BbI3BaH
TEM, UTO PEOJIOTMYECKUE HApPYIIIEHUs] CBOMCTB KPOBH, KaK MPAaBUJIO, COMIPOBOXKIAIOTCS

rurnepKaryisiyeid, TpoM003aMu U APYTHUMHU CEPhe3HBIMU OCJIOKHEHUsIMU [21].

IHesin 1 OCHOBHBIE 32Ja4M UCCJIEIOBAHMS
Ilean padoThI 3aKTI09aIACh B YCTAHOBJICHUM KOJIMYECTBEHHBIX PA3JIMUMil B MUKPOPEO-
JIOTUYECKUX CBOMCTBAX KPOBHU in Vitro M in vivo B HOPME U IIpY CEPAEYHO-COCYIUCTHIX
3a00JIeBaHUSIX C MMPUMEHEHUEM ONTUYECKUX METO/IOB, a TaKXkKe B OLIEHKE BJIMSHUS HA
9TU CBOMCTBA COCYIUCTOIO IHAOTEIMS.

Jl1st TOCTUKEHUST TTIOCTABJICHHOM 1IEJIM B IUCCEPTAIIMOHHON padoTe ObUIM pellieHbI

cjeaylomue 3aa4m:



1. OHpeIIC.HI/ITL HN3MCHCHUA MUKPOPCOJIOTMICCKUX ITaAPpaMCTPOB KPOBU XU B3AMUMOCBA3HU
MCKIY HUMH IIPpU CCPIACYHO-COCYIUCTBIX 3a00JIEBaHUSAX C UCIOJb30BAHUEM OITH-

YECKHUX METOIOB,

2. KommyecTBEHHO OXapaKTeprU30BaTh B3aMMOJICCTBUE IPUTPOLIUTOB C COCYIUCTHIM
SHAOTEJIMEM U arperauyio SpUTPOLUTOB in Vifro ¢ UCIOJIb30BAHUEM JIA3EPHOIO

MUHIIETA;

3. YCTaHOBUTH 3aBUCUMOCTD BJIMSIHUSI OKCH/A a30Ta ¥ (pUOPUHOTEHA MPU UX Pa3Ind-
HBIX KOHIIEHTPALUAX HA arperainuio SpUTPOLIMTOB NP HAJTMYUKA MOHOCJIOS HI0TE-

JIN S,

4. Pa3paboTaTh HOBYIO YCTAHOBKY JIa3€PHOTO arperomMeTpa Jijisi KOJMMIeCTBEHHOTO U3-

MEpEHHUS NTapaMeTPOB arperauu SpUTPOLIMTOB.

HOJIO)KeHI/IH, BbIHOCHMMbIC HA 3allIUTY

1. JlazepHbiil UHIIET OOECTIEUMBACT KOJIMYECTBEHHOE U3MEpPEHHe in Vitro CUjl B3au-
MOJICICTBUS MEX1y OMHOUYHBIMUA SPUTPOLIMTAMU 3JOPOBBIX JOHOPOB U KJIETKaMU
cocynuctoro suporeus (HUVEC) B nuanazone 0, 5 — 5 nH, yTo H1ke nuana3oHa

cuJ1 MexaputpountapHoi arperatm (1,5 — 7 nH) u ne3arperaum (2 — 13 nH).

2. DKCNEepUMEHTAaIbHO YCTAHOBJIEHO, YTO CUJa aJIF€3UN SPUTPOLIMTOB 310POBBIX J10-
HopoB K 3HpoTemonmtaM (HUVEC), uamepenHnas in vitro METOAOM JIA3€PHOTO
MUHIETa, TocTUraeT HaceieHus (2, 8 =0, 1 mH) npu koHeHTpaiusax pudpuHore-

Ha BbIIIe 4 Mr/mil.

3. Cusibl arperaid OJUHOYHBIX SPUTPOIUTOB 3J0POBLIX JOHOPOB, U3MEPEHHbIE in
Vitro C TIOMOIIBIO JIA3ePHOIO IHHIIETa, HA MOHOCJIO€ 3HJIOTeJIMAJIbHBIX KJIETOK
(HUVEC) B mna3zme KpoBu cHukawTcd Ha 19 + 2% npu npenBapuTebHOW WH-
KyOaru sHgoTenus ¢ L-apruanaom B koHtieHTpanuu 100 MKkM, 9T0 00yCIOBICHO

BJINTHUEM SHIO0TeINaIbHON NO-CHUHTA3EL.

4. T'mapoarHaMUYecKasi TPOYHOCTh arperartoB MU MHJEKC arperanyv pUTPOLUTOB,
VU3MEPEHHBIE in Vitro METOIOM JIa3€PHOI arperoMeTpuu, IoJIOKUTEIbHO CTaTUCTHU-
YECKM 3HAaYMMO KoppesmpyloT (1o [IupcoHy) y maneHToB ¢ apTepraibHOM rurep-

TeH3uei u pudpususauuei npencepauii (r = 0,5), a TakKe IPU COMYTCTBYIOIIUX



3a00JIeBaHMSIX : MITIEMUIECKOM O01e3HU cepra n/6e3 caxapHoro quadeTa 2-ro TUma
(r=0,3ur=020,5).

HayuyHnas u npakTuyecKkasi 3Ha4YMMOCTh PadOThI
B nuccepTarrionHoi paboTe MpoBeIeHO UCCIeI0BaHIUEe MUKPOPEOTOTMUECKUX CBOVICTB

KPOBHU Kak in Vvitro, Tak 4 in vivo B HopMme 1 nipu CC3 ¢ rcroyib30BaHUEM KOMILIEKCA
JIAa3€PHO-ONTUYECKUX METOOB, BKJIIOYAs JIA3€PHBIN MUHIIET, JIA3EPHYI0 arperoMeTpHuIo,
SKTAUTOMETPUIO U LIU(PPOBYIO KAMUISAPOCKOINUIO. BriepBbie ¢ MOMOIIBIO JJa3epHOrO
NUHIIETa OB KOJMYECTBEHHO M3MEPEHbI CHITBI aAre3ud MeX/1y SPUTPOLUTAMHU U SH-
AO0TeJIMEM, KOTOPbIE OKA3AJIMCh HUXKE CUJI MEKIPUTPOLIMTAPHON arperaiuu 1 aesarpe-
raru B pU3noaorndeckux ycaoBusx. [lokazaHo, 4To CUIbl B3aUMOACUCTBUS SPUTPO-
IIMTOB C HAOTETUEM JOCTUTAIOT HACHIIEHUS TIPU KOHIIEHTpaluy (pUOpUHOTEHA BHIIIIE
4 Mr/mMi. YCTaHOBJIGHO, YTO MHKYOAIus SHA0TeNUs ¢ L-apruHuHOM, Npe/aiecTBEHHN-
KOM CHHTE3a OKCHJa a30Ta, MPUBOAUT K CHUKEHHUIO arperaiuyd SpUTPOLIUTOB 3a CUET
akTuBalmu 3Ha0TeMabHON NO-cunTaszbl. Kpome Toro, y nanpeHToB ¢ CC3 BbIsSIBJIEHA
3aBUCUMOCTb KOPPEJISIUU MEXAY TMAPOANHAMAYECKOU MPOYHOCTHIO SPUTPOIIUTAPHBIX
arperatoB ¥ MHJAEKCOM arperaiyu B 3aBUCUMOCTH OT AuarHosa. [losydyeHHble pe3yiib-
TaThl PACIIUPSIOT MPEACTaBICHU 0 OMOU3NISCKUX MEXaHU3MaX Pery/Isaiud MUKPO-
IUPKYJIAIUA U MOTYT OBITh UCIIOJIb30BAHBI ITPH Pa3pad0TKe HOBBIX METO/IOB TEparuu K

OLICHKE MUKpOpeoJiornyeckux Hapyenuii mpu CC3.

Anpo6anus pe3yJbTaToB

PesynbTaThl IUCCEPTAIMOHHON paObOThI ObLIU JIMYHO J10JI0KEHBI aBTOPOM JUCCepTa-
LIMY Ha POCCUIMCKUX Y MEXKIyHAapOAHbIX KOH(pepeHIMsAX, Takux Kak 21st International
Conference Laser Optics (ICLO) 2024, HeBckas ¢poronuka 2023, Saratov Fall Meeting
2023, The 3rd World Congress of The European Society for Clinical Hemorheology and
Microcirculation 2023, 12th World Congress of Microcirculation 2023, XIV MexayHa-
poaHas koHpepeHuust «Mukpouupkysius u remopeosiorusi» 2023, VII Cbezn 6unodu-
3ukoB Poccum 2023, VIII CeuenoBckuit MexnyHaponssiii buome gunmuckuit CaMmmut
2023, 2nd BRICS Workshop on Biophotonics 2023, Saratov Fall Meeting 2022, 20st
International Conference Laser Optics (ICLO) 2022, 11-a koHpepeHunn no KJIMHU-
yeckoi remoctaszuosiorud u remopeosiorud (POTT) 2022, 7th Eurosummer School on
Biorheology & Symposium on Micro and Nano Mechanics and Mechanobiology of
Cells, Tissues and Systems (BIORHEO2021), Saratov Fall Meeting 2021, JlIoMoHOCOB-
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2019, Saratov Fall Meeting 2019, XII mexnyHaponHas koH(pepeHuus «MUKPOLMPKY-
nammsa v remopeonorusi» 2018, Saratov Fall Meeting 2018, 6th Eurosummer School
on Biorheology & Symposium on Micro and Nano Mechanics and Mechanobiology of
Cells, Tissues and Systems (BIORHEO2018), JlJomonocos-2018, Saratov Fall Meeting
2017.

JHokmansl Mo pe3yiabTaTaM, MPeACTaBICHHBIM B JAMCCEPTAIIMOHHONW padoTe, ObuM
yaocTtoeHsl psifa Harpal Ha KoHpepenuu BIORHEO B bosrapuu B 2018 1 2021 r., VII
Cwesne ouodusukoB Poccuu B 2023 r., Saratov Fall Meeting B 2018 1., koH(pepeHIUM
JlomonocoB B 2018 r., Ha XIV MexayHapoaHoi KoHpepeHIMN «MUKPOLMPKYIALIUS U

remopeosiorusi» B 2023 r. u 1ip.

JINYHbBINA BKJIAJ] aBTOpa

Bce nmaHHBIE, TIpe/iCTaBIEHHbIE B IHUCCEPTAMOHHONW padoTe, MOJyYeHb aBTOPOM
JIMYHO C €r0 aKTWBHBIM Y4YacTHeM B MOCTAHOBKE lieJieil, pa3paboTKe METOMOJOTUHN U
MIPOBEJICHUH SKCcTiepuMeHTOB. [TocTpoeHe Bcex rpapMKoB M PUCYHKOB, a TaKxke oOpa-
O0TKa pe3yJIbTaTOB B AUCCEPTALIMH IMPOBEACHB ABTOPOM.

ABTOp HE y4acTBOBAJI B HEMOCPEICTBEHHOM M3MEPEHUH XapaKTEPUCTUK MUK POIIHP-
KYJISIUUA KPOBU B HOTTEBOM JIOKE Ha KAMWIISAPOCKOIE Yy TMAIllMEHTOB, T.K. padoTaTh C

NaMEHTAMU Pa3pelieHO TOJIBKO KBaIU(PUIIMPOBAHHBIM BpavyaMm.

IMyoaukanumn

[To pe3ynbTaTam AUCCEPTAIIMOHHOTO UCCTIeI0BaHUS aBTOPOM oIy OsinkoBaHo 20 cTa-
Teil B pelieH3MPYyEeMbIX HayUHBIX U3JIaHUAX, MHIEKCHUPYEMBIX B MEKITyHAPOIHBIX Oa3ax
nanHbpIX Web of Science, Scopus u PUHII, Bkmouas 7 myOaukanuii B )KypHaiax, BXo-

osmmx B epedyeH» BAK.
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[JIABA 1. Ob30P JINTEPATYPbI

1.1 KpoBb u eé MUKPOpeoJornyecKue CBOCTBa

C Touku 3peHusi pU3MKU KPOBb SIBJISETCS HEHbIOTOHOBCKON TUKCOTPOITHOW KH/I-
KOCTBIO, PEOJIOTUYECKUE CBOWCTBA KOTOPOM 3aBUCAT OT MHOIMX (pakTopoB. C TOUKHM
3peHust OUOJIOTUY OHA SIBJISIETCS KUAKOW COSMHUTETHPHOMN TKaHbIO, TOCKOJIBKY COCTOUT
Y3 IUIa3Mbl KPOBU U (POPMEHHBIX 3JIEMEHTOB — KJIETOK: SPUTPOLUMTOB, JIEUKOIUTOB
1 TpoMOOIMTOB [22]. ¥V 340pOBOr0 B3pOCJOro YejJOoBeKa 00beM IIa3Mbl JOCTUTACT
50—60% oT 1ebHOM KPOBH, a 10151 KJIETOK cocTaBiiseT B cpegHeM 40-50% u 3aBUCUT
oT 1os1a. OCHOBHBIMM KJIETKAMU KPOBU SBJISIIOTCS SPUTPOILIUTHI, UX KOHIIEHTpAIUs CO-
CTaBJISAET MOPAJKA D X 10% mrr/mka1 (= 98% oT 061Iero ynciia KIeToK KPOBH), TOT/1a KaK
1151 TPOMOOIIMTOB 3TO 3HaUeHue Huke — 300 X 103 /MK (~ 1%), 1 114 1eHKOLUTOB
— 7000 wr/mka (=~ 1%) [23].

Cep/iie ¥ KpOBEHOCHBIE COCY/IbI (POPMUPYIOT 3aMKHYTYI0 CUCTEMY, B KOTOPOU KPOBb,
3aKJIIOYEHHAS] B KPOBEHOCHBIE COCY/bl, HE KOHTAKTUPYET HAINPAMYIO C KJIETKAMU TKa-
HEW OpraHoB. B3aMMoneicTBHE BELIECTB C 3TOW 3aMKHYTOM CUCTEMOW MPOUCXOIUAT
WCKJTIOUUTEJIbHO Yepe3 CTEHKH COCY/IOB, UTO 0OecrieunBaeT MoAep:KaHue BHICOKOTO U
CTAOMJILHOTO KPOBSIHOTO JIaBJIEHHS, a TaKXke OBICTPBIF BO3BpAT KPOBH K CEPIILY.

KpoBeHOCHBIE COCY/IbI IPECTABIAIOT COO0H CUCTEMY 3aMKHYTHIX TPYOOK pa3jimd-
HOTO JIMaMeTpa, KOTOPbIE BBIMNOJIHSIOT TPAHCHOPTHYIO (PYHKIIMIO, PETYIUPYIOT KPOBO-
cHaOXeHUe OpraHoB M TKaHed. KpoBEeHOCHBIE COCY/Ibl MOKHO B TIEPBOM MPUOJINKEHUM
pa3desMTh Ha JIBa KJlacca: apTepuu U BeHbl. [1o apTepusiM HachlllleHHAas] KUCIOPOJOM
KpOBb TE€UET OT cepAlla K TKaHSIM; TT0 BeHaM oOeTHEeHHas KUCIOPOIOM 1 oOoraiieHHast
YIJIEKUCJIBIM Ta30M KPOBU JIBUKETCS OT TKaHEH K cepiily. ApTepuu XapakTepU3yIoTCs
ABVKEHHEM KPOBH T10]] BHICOKMM JIABJIEHUEM, UYTO OOYCJIOBJIEHO MX MPOYHBIMH, TOJICTHI-
MU ¥ YIIPYTUMU CTEHKaMH, TOTJa KaK BeHbl UMEIOT Oojiee TOHKUE CTeHKU [24].

Kanwiisipel ipeICTaBAsSIOT COO0M MUKPOCKOIUYECKHE COCYIbl, CTEHKH KOTOPBIX
COCTOSIT U3 OJJHOTO CJIOSl SHAOTEIMAIbHBIX KJIeTOK. VX cpeHuii AuamMeTp cocTaBisieT
OKOJIO 8 MKM, a TOJIIMHA CTEHOK — 1 MKM [25]. OOmias miomaas ceyeHnsa Bcex Ka-
MAJLIAPOB Teda gocturaer 6300 M2, B Kanuuispax KpOBb BHITOIHAET CBOU OCHOBHbIE
(pyHKIIMH, TaKue KaK TOCTABKa KUCJIOPOJa U MUTATEIbHBIX BEIIECTB K TKAHSM U yjajie-
HUE AUOKCHUJIA YIepoaa v IPYruX MPOJyKTOB MeTa0oIM3Ma.

CteHKM apTepuii M BeH BKJIIOUYAIOT B ce0sl TpU 00OJIOUKHU: BHYTPEHHIOK (MHTHMY),

COCTOSIIYIO U3 IIOCKUX SHAOTEINATBHBIX KJIETOK, CPEJHIOI (MBIIIEYHYIO), COCTOSIILY IO
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13 ITIaIKAX MBILLIEYHBIX KJIETOK, M HAPYKHYI0, COCTOSIILYIO U3 PbIXJIOI BOJJOKHUCTOM CO-
€IMHUTEBbHOMN TKaHU (cM. puc. 1) [26]. TonmmHa CTEHOK U MX TKAHEBBIA COCTaB 3aBUCUT
oT tuna cocyaa. K mpumMepy, B CTEHKax apTepuid, 10 CpaBHEHHWIO C BeHaMH, IpeodJia-
AAI0T 7aCTUYECKUE BOJIOKHA, 00ECTIEUMBAIOIINE IACTUYHOCTD U YIIPYTOCTh COCY/IOB, a

CTCHKH KaIllUWJIJIAPOB O6p&30BaHbI BCCIro OJHUM CJIOEM IHIOOTCJINAJIbHBIX KJICTOK.

CoeavHuTenbHaa TKaHb napkaa kpyrnas mbiwua AnacTu4HbI cnon SHpoTenui

Oputpount OpuTpounTapHbIi arperat Tpombouut JNenkount

Puc. 1: YnpoieHHasi cxema CTpOeHHUs apTepUK/BEHbI.

1.1.1 DpurpounTsl

DpUTPOLUTH — 3TO Oe3bsAACPHBIE KpacCHbIE KJIETKH KPOBH, OCHOBHAsI POJIb KOTO-
PBIX 3aKJII0YAETCS B TPAHCIIOPTE KUCJIOPOAA M Psjia MMUTATEIbHBIX BEIIECTB K TKaHIM
Y BBIBOAY MPOIYKTOB MeTa0oIM3Ma U3 TKaHel. YeaoBeuecKuil SpuTpoluT 3J0pOBOTO
YeJIOBeKa B PABHOBECHBIX YCJIOBUSIX UMeeT (pOpMy JABOSIKOBOTHYTOI'O JUCKA C AMAMET-
poM mopsiiKa 7 = 8, 5 MKM, TOJIIUHON 2, 25 < 2, 75 MKM 1o kpasim 1 0, 5 < 1, 1 MKM B
LIeHTpaJbHOM yactu [27].

B kocTHOM MO3re 3puTpouuThl 1ugdepeHupyI0oTCs U3 reMaTono3TUIECKUX CTBO-
JIOBHIX KJIETOK TIO IyTH OOpa30BaHMs SPUTPOOJACTOB U, B KOHEYHOM HMTOTE, PETHKY-
JIOLIUTOB — KPalHUX TPEeAlIECTBeHHUKOB 3PUTPOLMUTOB. JlaHHbIE KJIETKHU SIBJISIOTCS
0e3bsAepHBIMU, OTHAKO COMIEPKAT OCTATKM MUTOXOHJIPUI, pUOOHYKJIEMHOBBIX KHUCJIOT,
1 apyrux opranesul. [lo mporrecTBUM HECKOJbKHMX OHEH B KPOBOTOKE PETHKYIOIIUTHI

npeoOpa3yloTcs B 3pesble KJIeTKu [28]. Y 310poBoro yenoBeka rnociie BbIxoja u3 KocT-
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HOT'O MO3Ta SPUTPOLIMTHI B POLIECCE CTAPEHUSI YMEHBIIAIOTCS B pa3Mepe U OCTAIOTCS B
KpOBOTOKe Topsika 115 nueit [29].

DPUTPOLIUT MOXKET U3MEHSATH CBOIO (DOPMY B 3aBUCUMOCTH OT OCMOJISIPHOCTH OKPY-
JKawuero pactopa (cM. puc.2). OCMONSPHOCTh — 3TO KOHUEHTPAIYs PAaCTBOPEHHBIX
YaCTHUIY/BEIECTB, CMIOCOOHBIX K OCMOTHYECKOMY B3auMOJIeCTBHIO. Korga spuTporuTsl
MOMEIAIOTCS B pACTBOP C Pa3HON OCMOJIIPHOCTBIO, OHU pearupyioT Ha U3BMEHEHUE OC-
MOTHYECKOrO AaBJIeHMSI, YTO MPUBOJUT K U3MEHEHUIO UX popMbl. B runepronnyeckom
pacTBope, Ilie KOHIEHTpaIs OCMOTHYECKA aKTUBHBIX BEIIECTB BBIIIE, YeM BHYTPH
KJIETKH, BOAA BHIXOJUT U3 SPUTPOIIUTOB, UTO NPUBOJUT K UX YIIOTHEHUIO. HanpoTus, B
TMIIOTOHUYECKOM PacTBOpE, Ilie KOHIIEHTpaIlMs YacTHUIl HUKE, BOAA MOCTYNAET B KJIET-

Ky, BbI3bIBasl €€ HaOyxaHue U, B KOHeYHOM utore, jusuc [30].

H,0 H,0
HO H0 H,0

2

H,0

[MnepToOHNYECKUIN p-p M3oTOHUYeCKMI p-p MMNOTOHWYECKNI p-p

Puc. 2: Biusnue pacTBOPOB pa3iMuyHON OCMOJISIPHOCTH Ha (hOpMY IpUTPOLIUTA.

3pesiblii SpUTPOLUT SIBJISETCS TOMOTEHHOU Oe3bsAepHON KJIETKOH U COCTOUT W3
OeJIKOB M MOHOB, OKPYKEHHbIX MeMOpaHOil. OCHOBHBIM O€JIKOM, BXOJSIIEM B COCTAaB
SpUTpOIMTA, sBJIsteTcst TeMornoouH (95% ot Bcex OenkoB). Octanbhble 0eaku (5%)
HEOOXOAMMBI JISl OA/IepkaHusl padOThl TeMOTJIOOMHA U MPOU3BOJICTBA SHEPrun. Mewm-
OpaHa SpUTPOIMTA MPEACTABIAET COO0U OUIMITUIHBIN CJION TOMIUHON MOPSAAKA 7 HM,
KOTOPBI B CBOIO 04epeib cocTouT u3 50% oenka, 40% mummnos u 10% yrnesogos [31].
Pacnipenenenue Tunua0B B SpUTPOLUTAPHON MeMOpaHe aCUMMETPUYHO: Ha €€ BHEIIIHER
CTOPOHE KOHLIEHTpUPYI0TCs cpuHromMuesivH (26% oT Bcex TunuaoB) U pochaTuanixo-
uH (28%), Ha BHyTpeHHeNH — (ocdartunuincepun (13%) u pocdarnanizTaHoIaMUH
(27%) [32]. ITpu pusunonorndyeckom pH B 310pOBBIX 3puTpoLUTax 3 U3 4 NpUBEAECHHbBIX
JMIHIOB ABJISIOTCS SJEKTPUUYECKHU HEUTPATbHBIMU, Y TOJIBKO POChaTUINICEPUH HECET
OTpUIIaTeNbHBIA 3apsa. Tak Kak OH pacrojio:keH Ha BHYTPEHHEHl cTOpoHe MeMOpaHbI,

TO JIUIIUABI IIOYTHU HEC BHOCAT BKJIaJa B OTpI/IL[aTeHBHLIﬁ 3apAan MeM6paHbI IPUTPOLUTA.
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OTpuiiaTesbHbINA 3apsi]l Ha TOBEPXHOCTU SPUTPOLIUTOB CO3/1A€TCSI B OCHOBHOM INIMKO(]O-
pPUHAMU, KOTOPbIE OTBETCTBEHHHI ITprMepHO 3a 60% 3Toro 3apsaa O1arogapsi HAUTMIUIO
B YIJICBOHBIX LIEMSX MIMKOKAIMKCA OOJBIIIOTO KOJMYECTBA OCTATKOB CHAJIOBO KUCJIO-
Tl [33]. Ha BHemHeli ctopoHe MeMOpaHbl PACIONIOKEHbl MOJIEKYJISIPHBIE CTPYKTYPBI,
BBIIOJIHSIOIIKE POJib perienTopoB. CUJIbHO YHPOILIEHHAs cXxeMa MeMOpaHbl SpUTPOLIUTA

MpUBEICHa Ha puc.3.

Benok nonocol 3 MmukopopuH C

[BHewHss cpenal

19

bunnnngHbin
cnon

AHKNPUH

Puc. 3: CwibHO yripolieHHasi cxema MeMOpaHbl 3puTporuta. CocTaBiieHo 1o JaHHbBIM U3 [34, 35]

1.1.2 TpomoéouuThI

TpomOOIUTEl — 3TO HeOOJbIIMe Oe3bsAACPHBIE KISTKH KPOBH AMAMETPOM OKOJIO
2-5 mukpomMeTpoB. OHM 00pa3yIOTCS U3 MEraKapHUOIIMTOB KOCTHOTO MO3Ta U SIBJISIOTCS
OCHOBHBIMH KOMIIOHEHTAMHU CUCTEMBbI TeMocTasza. TpoMOOIUTH colepkaT HECKOIbKO
TUIOB T'paHy/l, B KOTOPHIX HAXOMATCS pa3jndHble OeJKU U (hpepMEHTHI, HEOOXOqUMbIC
111 UX OCHOBHBIX (pyHKIIMIA [36].

OCHOBHBIE CTPYKTYpHbIE KOMIIOHEHTHI TPOMOOIIMTOB BKJIIOYAIOT TpaHyibl (o, [ U
apyrue), couepxariiue ¢pakTopsl CBEPThIBAHUS KPOBU, (PEPMEHTHI U JIpyrye BEIIeCTBa;
MexXMeMOpaHHbI KOMILIEKC, 00eCTIeYMBAIOIINI MEXaHN3M aKTUBAIIMKA TPOMOOITUTOB; U
IIUTOCKEJIeT, oOecnieunBaoIuii popMy U OJBUKHOCTH TPOMOOIMTOB [36].

TpoMOOIIUTH UTPAIOT KJIIOUEBYIO POJIb B Mpolieccax remMoctasa u Bocnanenus. Oc-
HOBHBIE UX (DYHKIIMH BKJIIOYAIOT B ce0s arperamnuio TpomoonutoB (AT), T.e. o6pa3oBa-
HUE TPOMOOIIMTAPHOTO TpoMOa B MeCTe TTOBPEsKISHUS COCYa; CEKPELINIO, T.€. BhIee-
HUE Pa3JIMYHbIX BEIECTB, TAKUX KaK (paKTOPHI pOCTa, IUTOKUHBI U JPyTUe MeAUATOPhI
BOCIIAJICHUST; aKTUBAIMI0 KOAaKTOPOB CBEPTHIBaHUS, T.€. ydyacTue B (pOpMUPOBAHUU

(puOpHHOBOTO CrycTKa; M PEryisaiui0 COCYAUCTOW MPOHUIIAEMOCTH, T.e. BIWSHUE Ha
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COCY/IMCTBI TOHYC U TPOHULIAEMOCTb.

CTpyKTypa TPOMOOIIMTOB HANIPSIMYIO CBSI3aHA C UX (DYHKIIMOHAILHON aKTUBHOCTBIO.
Hanpumep, rpanyiibl coepkaT MHOKECTBO (DAKTOPOB, KOTOPbIE AKTUBUPYIOTCS IIPU T10-
BpeKJIeHUH cocyna u cnocoOcTByoT AT. MexmeMOpaHHbIN KOMILIEKC UIPaeT KJove-
BYIO pPOJIb B TME€peAadye CUTHAJIOB, MHULIMUPYIOIIUX MPOLECCHl arperalud U CeKpeluu.
[{uTockeseT obecrneynBacT MEXaHNIECKYIO TIOAIEPKKY U MOABMKHOCTb TPOMOOIIUTOB,

YTO BaXHO JJISI UX y4acTHs B (popmupoBanum Tpomoda [36].

1.1.3 MuxkpopeoJorusi KpOB1

KpoBb npeacTaBisieT coO0l KUIKYIO COSAMHUTEbHASI TKaHb HAIIero OpraHu3Ma,
KOTOpasi 00ecreunBaeT psiji KU3HEHHO HEOOXOAMMBIX MPOIIECCOB, TAKUX KaK ra3000-
MEH, TOMEOCTa3, UMMYHHAs 3aI1TAa, IEPEHOC MTUTATEBHBIX BEIIECTB, TOPMOHOB U IPO-
aykToB MeTabonu3ma [37]. CucteMaTuyeckoe HapylIeHue TeUeHUsl KPOBU WM U3MEHe-
HUe e€ apaMeTpoB 3aKOHOMEPHO MTPUBOJUT K CUCTEMHOMY HApPYLIEHUIO COMPSI’KEHHBIX
MPOLIeCCOB B opraHu3Me. Tak Kak XKMBOIl OpraHM3M U Kax[asi ero KjeTka IpeacTaB-
JSI0T OO0l KpaliHe HepaBHOBECHBIE CHCTEMBbI, IOCTOSIHHO TPeOyiolIye MOTOIHEHHUS]
SHEPruei, TO HapylLIeHHWsI CBOWCTB KPOBU Y YEJIOBEKA MOTYT OKa3blBaTh BJIMSHUE HA
BeCh opranusMm. [loatoMy peosniornueckue 1 MUKpOpPEOJOTMYECKHE CBOMCTBA KPOBH SIB-
JISOTCS BaXXHBIMU MHAUKATOPAMU OOIIIEro COCTOSHUSI OpraHu3Ma.

Peosiorusi — 3T0 paznes HayKu, 3aHUMAIOIIUIICS UCCIIEJOBAHUEM TEUEHUN U Jie-
dopmanuii pa3IUUHBIX cpel, 00JaalIUX TUIACTUYHOCTBIO, HAMIPUMED, KUAKOCTEH.
KacaTenbHO M3y4yeHHsI TEUYEHUs KPOBU BBIAEJIAIOT [BAa HAIPABJICHUS, UMEIOIINUX pa3-
JIU4us B Maciutade U oObeKTe M3YyUEHHUs: PEOJIorvsi KpOBU (WM K€ reMOpPeoJIorus;
MaKpOPEOJIOTUA KPOBU) Y MUKPOPEOJIOTHSA KPOBHU (WM ke MUKporemopeoJorus) [38].
['emopeosiorusi paccmMaTpuBaeT KpOBb, KaK €/IMHOE 1IEJI0€ U AaHAJIM3UPYET €€ Ha YPOBHE
MaKpPOCKOIMYECKUX CBOWCTB (BA3KOCTh LIEJbHOW KPOBU U IUIa3MBbl, TEMATOKPUT U AP.).
MuxkporemMopeosiorust paccMaTpUBaeT KPOBb, KaK JUCIIEPCHYIO CUCTEMY, & UMEHHO, CO-
CTOSIIYIO U3 OTJEbHBIX KJIETOK, U UCCIEAYET TEYEHHE KPOBU B 3aBUCUMOCTH OT CBOWCTB
9TUX KJIETOK (arperauus u aedpopmupyeMocts sputpountoB, AT u ap.) [39].

Peosorvst © MUKpOpeosorusi KpOBU OTJIMYAETCS TOJILKO MacIITadOM pacCMOTPEHUS,
Y PEOJIOTUYECKHUE CBOMCTBA KPOBU, COOTBETCTBEHHO, 3aBUCAT OT €€ MUKPOPEOJIOTnYe-
CKMX mapaMmeTpoB. IHOrJa B CTaThX MOJ PEOJOTMYECKUMH CBOMCTBAMU MOHUMAIOTCS
B TOM 4MCJie MUKpopeosniorndeckue [40].

B crnenyomumx pasgenax pacCMOTpPEHBI KJIIOUEBblE CBOWMCTBA KJIETOK KPOBH, BIIHS-
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IOIIe Ha €€ MUKPOPEOJIOTHIO: CITIOCOOHOCTh IPUTPOIIUTOB K B3aUMOAEHCTBUIO MEKIY
co0oii ¢ 0OpaTUMBIM 0Opa30BaHUEM arperaToB M 00OpaTUMOit iepopMaItiu 1Moy Jeiic TBU-
€M CJIBUTOBBIX HAIPSIKEHUH, CIIOCOOHOCTh TPOMOOITUTOB K aKTHBAIIUM U arperaryu, a

TaKke B3aMOJICMCTBHE KJIETOK KPOBHU C COCYOUCTBIM HIOTCIIUCM.

1.2 Arperamusi 5puTponUTOB

[Ipy HU3KHMX HANPSIKEHUAX CABUIa MOTOKA KPOBU (WJIM K€ IPU CABUTOBBIX CKOPO-
crax Menpiie 100 ¢™1) spUTPOLUTE CLIOCOOHBI CIOHTAHHO ¥ 0OPaTHMO 0OPa30BLIBATH
JIMHEeHbIe U 00Jiee CJIOXKHbIE CTPYKTYPbl — SpUTpoLdTapHble arperaTsl. [Ipu Oosbimx
HAIPSKEHUAX CABUTa (MM K€ NPU CIABUIOBBIX CKOPOCTAX B KpoBH OGonbiue 100 ¢~ 1)
OHM Pa3JesIioTCs Ha OTAeJbHbIe 3puTpoluThl. [Iporiecc oOpa3oBaHUs STUX CTPYKTYD
Ha3blBacTCA arperanueil SpuTpouuToB (AD), a BBIHYKIEHHBIA NPOLIECC pa3Ac/ICHUs
arperaToB Ha OTJEJIbHBIE KJIETKHA — JIe3arperaumei SpuTpoluToB. [JJaHHbIE TPOLIECCHI
CYIIECTBEHHBIM O0OpPa30M BJIUSIET HA BA3KOCTb U MUKPOIUPKYJISAIUIO KPOBU B OPraHUu3Me
[4].

SDpUTPOLIUTHI CIIOCOOHBI arperupoBaTh TOJBKO B PAacCTBOPE OMNPEJEsIEHHOTO poja
MaKpOMOJIEKYJI/KOMOMHAIIMK Makpomosiekyi. K nmpumepy, B HaTpuii-ocdatHoit Oyde-
pe mporiecc AD He HalO0gaeTCs, TaK Xe Kak U B TOM ke Oydepe npu 100aBJIeHUN K
Hemy (uOpuHorena wim anbOymuna. Ha puc.4 npencrasiena Mmukpodororpadus -
HEMHBIX U 0oJiee CIIOKHBIX arperatoB, 00pa3yIIIMXCs B cpejie ayTOJOTMYHOM IJIa3MBbl
KpOBH (3TO COOCTBEHHAsI TIa3Ma YeJIOBeKa, MOoJyueHHasl B pe3y/ibTaTe HeHTpUdyrupo-
BaHU LEJIbHOM KPOBU) B CTATUYHOW KIOBETE.

Cnenyer paznuyaTh AD U MPOLECC ATrTIIOTUHALIMU SPUTPOLIMTOB, KOTOPHIE CYIIE-
CTBEHHBIM 00Pa30M OTJIMYAIOTCS N0 MEXaHM3MaM BOSHUKHOBEHUSI ¥ (DYHKIUSAM. ATTIIIO-
TUHALIUM SPUTPOIIMTOB — 3TO HEOOPATUMOE CKJIEMBAHUE SPUTPOIIUTOB B pe3yJibTaTe
MMMYHOJIOTUYECKUX PEaKIHii, BOSHUKHOBEHHE KOTOPBIX MPOUCXOAUT Onarogapsi crie-
HM(pUIECKUM B3aUMOJICVICTBUEM MEXK/y AHTUTEJIAMUA U AHTUTEHAMU, PACIIOJIOKEHHBIMU
Ha MOBEPXHOCTU pUTPOLUUTOB. OOBIYHO arrIioTUHAIMS ObIBaeT BhI3BaHA MOIMAJaHUEM
B OpPraHv3M YYKEPOAHBIX AHTUI'€HOB, K MPUMEPY, MIPU MEePEMBAHUU HECOBMECTUMOMN
KPOBH, MPH XOJIOIOBON arrmoTUHUHOBOW OOJIE3HHU, MPH 3apaXeHUH PSAOM BUPYCOB U
Oakrtepwmii [41]. KpymHble arperatsl, oOpa3oBaBIIKecs MPU arrIOTHHAIIN CITOCOOHDI
3aKyHOPUTbh KPOBEHOCHBIE COCY/Ibl, CUJIBHO TMOBBIIIASI PUCK TPOMOO3a U JPYTrUX MaTo-

JIOTUYECKUX U3MEHEHUIA.
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Puc. 4: Mukpodororpadus 3puTpOLIUTAPHBIX arperaToB B CTATUYHON KIOBETE B Ay TOJIOTUYHOM I1a3me
KPOBH in vitro. MaJleHpKHe TOYKH B MECTaX MEKay arperaramu — TpoMoonuTsl. [ematokput 10%.

1.2.1 dPuznosoruveckasi pojab arperamyuu SPUTPOIUTOB

AD cymiecTBeHHBIM 00pa30M BIHSET Ha BSA3KOCTh KPOBH U HA PEOJIOTUI0 KPOBU
Kak B OOJIbIIIMX, TAK U B MaJIbIX COCY/IaX U Kanuuisipax. biarogapst AD KpoBb SBJISET-
Csl HEHBIOTOHOBCKOM KHJIKOCTBIO, BS3KOCTb KOTOPOH YBEJIMYMBAETCS C YMEHbIIEHUEM
CABUTOBBIX HanpsikeHui. Tem cambim, AD obecrieunBaeT KpaTKOBPEMEHHbIE N3MEHEHU I
reMOpPEeOoJIOTMUECKUX CBOMCTB KPOBH, UTO CIIOCOOCTBYET CHUKEHUIO TeMOIMHAMUYECKO-
IO CONPOTHUBIIEHUS, U, KaK CJIEJICTBUE, YIYyULIEHUIO NEpdy3umn TKaHel opranusma [42].
Hpyrumu cioBamu, AD NO3BONSAET CHU3UTh SHEPTETUUECKUE TOTEPHU IPU ITPOX 0K AEHUU
KPOBHU Y€pe3 COCY/bl, OJHAKO MPH MOBBIIIEHHON AD JaHHbIE OTEPU Bo3pacTaioT. [o-
3TOMY B (PU3MOJIOTMYECKUX YCIOBUAX AD NOJAEPKUBAETCS B ONTUMAIBHOM JMAIa30He
[4]. B uTepaType BBIACHAIOT PAL HPOLECCOB, HA KOTOPBIE BIUAET U/WIN B3aUMOBIIHASIET

AD. PaccMOTpUM OCHOBHBIE U3 HUX:

* OceBass MUTpaIisi SPUTPONHUTOB B OGoabmmx cocynax. [lanueiii apdexr cro-
coOcTBYyeT 0Opa30BaHMIO CJIOSI IUIa3Mbl O€3 SPUTPOIMTOB BOJM3U CTEHOK COCya
(T.e. MAPTUHAJILHOTO CJIOS1), YTO CIIOCOOCTBYET YMEHBIIIEHUIO TUIPOJUHAMUIECKO-
ro COIPOTHUBJICHUS MOTOKY [43]. Takke yBeJuYeHne KOHLIEHTPAMU SPUTPOLIMTOB
BOJIU3M IIEHTPa COCyda BBITECHSIET TPOMOOIUTH U JICMKOLUTHI Ha Mepudepuio K

CTEHKaM, YTO BJIMSIET KaK U Ha MOTOK, TaK U Ha (DYHKIIMK CaMUX KJIETOK [44].
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* PeryinpoBka MHKPOCOCYIHCTOI0 reMaTOKpUTa. [eMaTOKpUT He ABJISAETCA I0-
CTOSIHHOM BEJIMYMHOI B KPOBEHOCHOW CHCTEME M CYIIECTBYET 3HAUMTENIbHAS Pa3-
HUIIA MEKY FeMaTOKPUTOM B KPYITHBIX U MaJIbIX KPOBEHOCHBIX cocynax. B cpennem
3a cueT AD 3HaYeHUs] MUKPOCOCYIUCTOro reMatokputa Ha 20% Huxe, yem B OoJiee
KpyIHbIX cocynax [45]. Takum oOpa3zom, AD ciocoOCTBYET MOSIBJICHUIO Pa3/InuHs]
reMaToKpuTa B OOJBIINX M MAJIbIX COCYAAX, UTO CIOCOOCTBYET YMEHBILIEHUIO COMPO-
TUBJICHHS TIOTOKY KPOBH U TOHMKAET MPOMYCKHYIO CIIOCOOHOCTh KHUciopoaa [4].
JIBa BBIIECTOSIIMX CJIEICTBUSI MOKHO OObEJUHUTD B KOHIICTILIUIO ONMUMANbHOZO

zemaniokpuma, 11pyu KOTOpOM JOCTUT'AIOTCA HAMMCHBIINEC SHCPICTUYCCKHUE ITOTEPU

[46].

* Bansinne A Ha (pyHKIMIO SHA0TEHA. DHIOTENIA UTPAET BAKHYIO POJIb B PETy-
JALMM TTIaAKUX MBI COCYL0B. bpljIo IOKAa3aHO, 4TO CIABUIOBOE HANPSKEHUE I10-
TOKa KPOBU BOJIM3M CTEHKH COCY/Ia, 3aBUCSIINE OT AD, OKa3biBaeT CYIIECTBEHHOE
BJIMSIHAE Ha MOP(OJIOTHI0 ¥ (PYHKIIMU SHIOTEIUAIBHBIX KJIETOK, BKJIIOYAs CUHTE3
Y CEKPEeLMIO B HUX Pa3HbIX OMOMOJIEKYJ (HalpuMep, OKCUAA a30Ta), BAUAIOLIMX Ha
perynsauuio cocyauctoix (pyHkuuii [47]. IloBpienHas AD MPUBOAUT K MOJABJICHUAIO
CHUHTE3a OKCUJA a30Ta B SHAOTENNH [4], U B TOXKE BpEMsI OKCUJL a30Ta YMEHBIIAET

A3 [48] — Tem caMpIM JaHHBIE IPOLIECCHI B3AUMOBIIMSIOT IPYT HA Jpyra.

1.2.2 Arperanus 1 arperanfioHHasi ClIOCOOHOCTH SPUTPOIUTOB

B nutepaType 4acTo BBIAEISIOT 1BA IOXOKUX TEPMUHA: d2pezauus S3pumpoyumos u
azpe2ayuoHHAs cnocoOHocmb spumpouumos [4]. AD aBiseTcs CBOWCTBOM KakK KJIETOK,
TaK Y CpeJibl, B KOTOPO OHU arperupyor u sipjisieTcst 0osiee 0OLMM TEPMUHOM. Arpera-
[IMOHHASI CIIOCOOHOCTDb SPUTPOIIMTOB XapaKTEPU3yeT MPUCYIIIee IPUTPOLIUTAM CBOUCTBO
arperupoBarh U sIBJISIETCSI CBOMCTBOM CaMUX KJIETOK Oe3 yueTa BHelHuX ¢pakTopoB. Kak
OBLIO CKa3aHO BbIIIIe, Oe3 HAJIMUK s B OKPYKaoIIei cpesie orpe/ieIeHHBIX MAaKPOMOJIEK YT
AD HEeBO3MOXHa, ¥ IOTOMY JIJIsl TOTO, YTOOBI BBIAEJIUTH IPEUMYIIECTBEHHO (DAKTOPHI
KJIETKH, KOTOPbIE BIUSIOT Ha AD, SpUTPOLUTHI 100aBJISIIOT B 9TAJIOHHBII pacTBOP MaK-
POMOJIEKYI.

Yaie Bcero AD u3MepsieTcsl B ayTOJOTMYHON I1a3Me, TOTra Kak arperaljMoHHast
CIOCOOHOCTh IPUTPOLIMTOB — B ONPEICIEHHOM PAacTBOPE C 33aHHON KOHIIEHTpaluei

MaKpOMOJIEKYJI, HAIPUMEP, B AEKCTpaHe ¢ MoJeKyaspHoi maccoit 70 wim 500 ka [4].
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1.2.3 MaxkpomoJjieKyJsipHbie (haKTOpPbI arperaniy SpUTPONNTOB

DPUTPOLIUTHI MOTYT arperupoBaTh TOJBKO B CPEJE C COAEPKAHUEM MAKPOMOJIEKYJI
onpeeaeHHbIX CBOMCTB. [l1azMa KpoBU SBJsIETCSA OQHOW MX TaKUX CPell: B OCHOBHOM
OHA COCTOMT M3 BOJbI, B KOTOPO#i pacTBOpeHs! 0enku (7 ~ 8% ot 001eit Macchl), a Tak-
K€ OpraHnvecKrue U MuHepasibHble coenHeHns1. OCHOBHBIM OEJIKOM B IIa3Me KPOBH,
KOTOpBI ycuimBaeT A, sBisiercst puOpuHoreH [49], oHAaKO MpH ero OTCYTCTBUU B
11a3Me KpoBH (T.€. B CHIBOPOTKE) AD, XOTh U MOHWKEHHas1, HO HaOmogaeTcsi. Bo MHOrux
paGoTax ObLIO MOKA3aHO, YTO OT KOHIIEHTpaluu (PUOPUHOTeHA CYIIECTBEHHO 3aBUCST
arperaijMoHHbIe apaMeTpbl SPUTPOLIMTOB, B TO K€ BPEeMsl KaK B pacTBOpE, I7ie COIEp-
’KUTCS TOJIBKO (pubpuHOTeH n/mmm/6e3 anp0ymuH, AD He HabmogaeTcs [50]. Takxe AD
3aBUCHUT OT APYruX OEJIKOB IUIa3Mbl: aJbOyMHHA, UMMYHOIJIOOYJIMHOB, TanTorJI00MHA
u ap. [4, 50]. NuTepecHo, 4to anbOyMUH NpU OAHUX KOHIEHTpauusx (puOpuHOreHa
BBICTYMAeT UHAYKTOPOM arperanuu, a npu Ipyrux — uaruouropom [51, 52]. B tadin.1
MpuBeJIeHa POJib OCHOBHBIX OEJIKOB IJ1a3Mbl KpOBU B AD.

W3BECTHO, YTO CMHTETUYECKHME MAKPOMOJIEKYJIB C OOJBIION MOJIEKYISPHONH Mac-
coii (TakuMe Kak JeKCTpaHbl U Apyrue) Mpu X J0OABJICHUH K CYCHEH3MU SPUTPOLIMTOB
U3MEHAIT AD U BA3KOCTh KpOBU [4]. PacTBOpBI JEKCTPAaHOB pa3HBIX MOJEKYJISPHBIX
Macc UCHOJb3YIOTCS B KJIMHUYECKON MEIULIMHE C LEJbI0 KOHTPOJISI BA3KOCTH KPOBH, a
TaKKe Tpu OOJIBIIION MOTepe KPOBHU /1JIsi BOCCTAHOBJICHUSI KPOBOTOKA. BaXkHO OTMETHUTD,
YTO KakK OeJIKH, TaK ¥ CHHTETHUYECKUE MOJIEKYJIbl MOTYT BBICTYNATh MHTUOUTOPAMH WU
uHaykrtopamu AS. B crtatee [53] moka3zaHO, 4TO MpU TMAPOAVMHAMUYECKOM pajunyce
MaKpOMOJIEKYJI > 4 HM OHHM BBICTYIIAIOT B Ka4€CTBE UHAYKTOPOB A3, a Mpu paauyce

< 4 HM — UHTUOUTOPOB.

Ta6muma 1: Posib pa3znuanbix 6eskoB mia3mbl KpoBu B AD. CTpesku BBepX U BHU3 0003HAYAIOT ITOBbI-
IIeHre ¥ ToHmkeHne AD cooTBeTcTBeHHO. [Iepepaborano u3 [4].

Bejok nuiasmsl MounekyJsipaas macca, k/la | Konnenrpanus B miiazme, mr/mi | Jdcpekt Ha AD
dudprHOreH 340 1,5-3,0 T
NmmynornoOymunsl G 150 8 T, HeT 3¢ dexTa
VmmyHorno6yauasr M 900 1,5 T
C-peakTuUBHBII GeJI0K 25 <0,01 T
Tpancdeppun 80 2,0-3,6 HeT 3¢ dekTa
Tanrornooux 38 0,5-2,5 7T, HeT addexTa
Lepynomnazmua 151 0,2-0,4 HeT 3¢ dekTa
Aub(a-1—KUCIbIi IMTMKONPOTEUH 40 0,5-1,0 T, HeT a3 dexTa
Anp0yMuH 66 20-50 T, |, HeT adpexTa
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1.2.4 Kuaerounbie (pakTOpbI B arperanum SpUTPOIUTOB

[TomrMo (pakTOPOB Cpe/ibl HA IPUTPOLIUTHI OKA3BIBAIOT BIIMsIHUE (DAKTOPBI, CBSI3aH-
HBbIE C CaMOl KJIETKOM: C MX MeMOpaHOH M BHYTPEHHUM COAEepX HUMbIM. [loBEpXHOCTH
SpUTpOLIUTa 00JIaaeT CyMMapHbIM OTPUIATEIbHBIM JIEKTPUUYECKUM 3apsiioM, 00y-
CJIOBJICHHBIM, IJIABHBIM 00pPa30M, MTUKOKAJTMKCOM, COCTOSIIUM U3 YIJIEBOIHBIX IIETIEH,
MIPUCOEAMHEHHBIX K TPaHCMeMOpaHHBIM OeJIKaM 1 0OpaIleHHbIM B MEXKJIETOUHOE TIPO-
CTPaHCTBO, a TakKe, B MEHbIIel cTerneHu, Oenkamu. Eciu o6paboTaTh SpUTPOLIUTHI
HelpaMUHUAa30H, KOTOpas yHdaisieT CHAJIOBble KUCJOThl C KJIETOYHON MeMOpaHbl U
CHUKAET [13€Ta-MOTEeHIMa, TO 3TO MPUBOJAUT K ycuieHuio AD [54].

AD Takxe 3aBUCUT OT (POpMBI KJIETOK U uXx Jaedopmupyemoctu [4]. Hdedopmu-
PYEMOCTb IPUTPOIIMTOB — ITO UX CHOCOOHOCTh K 00paTuMoii epopmariiy B OTOKE
KPOBH, KOTOPasi MO3BOJISIET IPUTPOLIUTAM IIPOXOJUTH B COCYAX, PAANYC KOTOPbIX MEHb-
1Ie UX XapaKTepHbIX pa3MepoB. B npouecce aepopManiid SpuTPOLIUTH MOTYT CUJIBHO
U3MEHSATh CBOIO (hOPMY, BBITSITUBASICh MO]1 IEWCTBUEM MPOAOJbHBIX CIBUTOBBIX HAMpsi-
xenwuii [ 12]. Bonee moxpoOHO 1ehopMUPYeMOCTh SPUTPOIIMTOB 00CYXKIaeTCs B pa3ese
Jledbopmupyemocmo spumpouumos.

K 01HOMY W3 BaXHBIX KJIETOUYHBIX (PAKTOPOB, BIUSAIOIIMM Ha AD, OTHOCUTCS HUX
BO3pacT. Bo BpeMsi cTapeHHs1 SpUTPOLUTHI MPETEPIIEBAIOT Psiji MOCTENEHHBIX U3MEHE-
HUI: COKpaIllaeTCsi MOBEPXHOCTh MEMOpaHbl IPUTPOLIMTA, YBEIMUUBAETCS IUIOTHOCTD
BHYTPEHHETO COAECPKUMOro, yxyamaercs nedopMupyeMocTs [S5]. BansiHue Bo3pacTa
SPUTPOLIUTOB HA UX arperanuio He 10 KOHIa U3y4yeHo. MeTogoM MUKPOCKOIUU ObLIO
MOKa3aHO, YTO arperamus CTapbiX KJETOK OoJiee BhIpakeHa, YeM MoJIoAbiX [56]. ABTO-
POM JIMCCEPTAIMU B CTaThe [57] ¢ MOMOIIBIO JIa3epHOT0 MUHIIETa ObLJIO MOKAa3aHO, YTO

AD YBCIMYIUBACTCA ITPHU CTAPCHUN IPUTPOLUTOB.

1.2.5 Mopesn MexaHU3MOB arperanuy SpUTPOLUTOB

Ha naHHBIE MOMEHT HET OJHO3HAYHOro MOHMMaHMs MexaHu3Ma(oB) AD. BaxHo
3aMETUTh, YTO MeXAy (puOpuHOreHoM (M ap. OelKaMy TUTa3Mbl) M CUHTETUYECKUMHU
MaKpOMOJIEKyJIaMH (JEKCTPAHOM M Ap.) €CTh OJTHO OOJIBIIIOE OTJIMYHE, TTPOSBIISIONTUCCS
B AD: ¢ yBeJIMueHUEM KOHLIeHTpalu (puOpuHoreHa AD MOHOTOHHO YBEJIMYMBAETCH,
TOT/Ia KaK /ISl CHHTETUYECKHMX MaKpPOMOJIEKY/T XapaKTepHa «KyIoJiooOpa3Has» 3aBU-
CUMOCTbD IPHY yBEJUYEHUU UX KOHIeHTpauuu [58]. B3aumonelicTBue spuTpouTOB MIPU

X arperanvmn OOBIYHO OIMCHIBAETCS ABYMA MOICTIAMU: MOICIIb <<O6CILH€HHOFO CJIO0AI»
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Y MOJIeJIb «MOCTHUKOB». BO MHOTHIX cllydyasix BO3JeiiCTBe MaKpOMOJIEKYJ Ha AD MOX-
HO OOBSICHUTH B paMKax o0eux mozpesiedt. K mpumepy, 1ByMsi MOJeIsAMUA OObSICHSAETCS
«KyIoJjo00pa3Has» 3aBUCUMOCTh CHMJI AD OT KOHIICHTpAIMU JAEKCTpaHa C Pa3HbIMU
MOJIKY/ISIpHBIMU Maccamu [4]. Ha maHHBIE MOMEHT CYIIECTBYIOT apryMEHTHI B TIOJb-
3y 00enx Mojeseid, OTHAKO /AJis OKOHYATEJbHOTO pellleHHs] BOMPOCa O MPaBUIbHOCTH

MOJCJIbHBIX HpeIICTaBJIGHI/Iﬁ Tp€6yIOTC$I JOITIOJITHUTCJIbHBIC NCCIIEJOBAHMA.

Mogean «00eJTHEeHHOr 0 CJIOS»

B Monenm «00e JHEHHOTO CJIOsT» TIPEINOJIaraeTCsl, YTO MEKAY JIBYyMS SPUTPOIUTA-
MU, HAXOJSIIIUMUCS Ha OJIM3KOM PACCTOSTHUM JIPYT K JIPYTY, JEHCTBYIOT OCMOTHYECKHE
CHUJIBI CO CTOPOHBI MAaKPOMOJIEKYJT, UTO CJIYKUT MPUUUHOU MPUTSKEHUS MEKIY TBYMSI
KjIeTKkaMu. KoHnenims ocMoTiaeckux cui Oblia TipeiiokeHa B padoTe IBYX ATTOHCKUX
(puzukoB Sho Asakura u Fumio Oosawa [59]. IlpemyioxkeHHasi MU MOJI€JIb UCIIOJb-
3yeTcsl AJisl ONMCaHWsl CUJI, JACUCTBYIOIIMX MEXKIY TeJaMu MaKpOCKOIHWYECKUX pas-
MEpOB, HAXOJAIIMMUCS B PACTBOPE, COAEpXKAILEM MOJIMMEPHl W/UI MaKPOMOJIEKYJIbI.
PaccMoTpum ofiuH U3 cilydaeB, KOTOpPbIE pacCMaTPUBAIM aBTOPBI B OPUTMHAIBHOM CTa-
The: MIPOAHAIM3UPYEM MOBEIeHNEe IBYX OONbIMX TBepAbIX chep nuamerpom D = 2R
B pacTBOpE U3 MAJICHbKUX KEeCTKHUX chep nuameTpom d = 2 R,,.

Bokpyr 6onbimx cdep ectb 007acTh, HEJIOCTYIHAS /11 HAXOX/ISHUS [IEHTOB Ma-
neHbkux cep BBUAY UX pazMepoB. O6beM 310l obnactu pasen V = (D + d)?/6.
Korma 6onbie cdepsl MpuOMMKAIOTCS JOCTATOYHO OJIM3KO, TaK YTO PACCTOSIHUE MEX-
Jly UX nieHTpamu craHoButcst h < (D+d) /2, paccmaTtprBaeMbie 001acTH OOJBIINX cep
NIEPEeCEKATCs, ¥ UCKJIIOUYSHHBI 00beM, HeIOCTYITHBIH [ MaJbiX cep, YMEHbIIAaeTCSI
Ha BeJIMYMHY 0ObeMa IMEePEKPBITHS, KaK ToKa3aHo Ha puc.5 [60].

Tem camMbiM 00bEeM MepeceueHu s «MCKIIOYEHHBIX 00beMOB» OY/IeT paBeH:

Vh

2
_ 2n L [3(D % d) B L] | (1.1)

3 2

Kak cnenctBue, MajeHbkue cpepbl He MOTYT IPOHUKHYTh B UCKJTIOYEHHBI 00beM
Mex 1y OObIIMMU c(hepamMu, U MOSIBISIETCS OCMOTUYECKask CUla, KOTOpast CTPEMUTBCS
YBEJIUYUTh 0OBEM MEePEKPHITUSI OObIIUX cep.

CorlacHO M3JI0KEHHOW MOJIEH, BOJIM3H SPUTPOLIMTOB 00pa3yeTcsl CIOi ¢ HU3KUM
cofiepkaHreM OeJIKOB W/WJIM MaKpOMOJIEKYJ, U, €CJI «00eTHEHHBIE CIIOM» JIByX dPUT-

pPOLoUTOB IICPCKPLIBAIOTCA, 1 BO3HUKAIOIIAA CHJIA OOJIBIIIE TTO BEJIMYMHE CYMMbI CHIJI,
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Puc. 5: MmocTpanusi MCKITIOUEHHBIX U TEPEKPHIBAIOIINXCS 00BbEMOB JIBYX C(hepryecKux YacTHI] B
pacTBOpe MaJjbix TBepabix cep. [lepepucoBano us [60].

MPENSITCTBYIONMX A, TO SPUTPOLIMTH HAUMHAIOT arperupoBaTh. B iurepatype Moesnb
«00EeJHEHHOTO CJIOS» Yallle BCEro OMUCHIBACTCS B TEPMUHAX SHEPTUU B3aUMOCHCTBUA,

CyMMapHasi BeJIMUMHa KOTOpO# paBHa [4]:

Wy, = Wosemn.cios + Worr. (1.2)

TE Wogenn.cion — SHEPTUS B3AUMOJEHCTBUS SPUTPOLIUTOB, IPUBOASAIIAS K UX arperaiuu,
Worr, — SHEPTUSA JIEKTPOCTATUYECKOTO OTTATKUBAHUSA. Wogenn.cion PACCUMTHIBAETCS 10

caenymwoiei popmyJe:

d
Wobenn.ciios — _ZH(A - 5 +0 — p)7 (1.3)

rae II — ocmoTnyeckoe naBjieHHME MaKpOMOJIEKYJ C 3aJaHHOM KOHIIEHTpanueit, A —
TOJIIIMHA «OOETHEHHOTO CJIOs» (3aBUCUT B ToM umciie ot II), d — paccrosiHue mexay
SPUTPOLIUTAMH, P — ITTyOMHA IPOHUKHOBEHHSI MAaKPOMOJIEKYJT B TTIMKOKaIMKC. OCMOTH-
YECKOE JIaBJICHUE PacCUUTHIBAETCS MO ypaBHeHuIo [aiepa [4]:
0
1= ﬂc+ﬁc2 = —u, (L.4)
M 141

r7ie ¢ — KOHIIEHTpAalMs MaKpoMOJIeKy1, 1’ — abcomoTHas TemrepaTtypa, R — ra3osas no-
cTosiHHAsA, [ — KO (PUIIUEHT, YIUTHIBAOIINA THOKOCTH U (pOpMYITy MAaKPOMOJIEKYJIbI B
PacCTBOPE, (i1 — XAMHUYECKHIA OTEHIMAN PACTBOPHUTES B PACTBOPE MAKPOMOJIEKYL, /1] —
XVUMHYECKHI IIOTEHIMAT YUCTOTO PACTBOPHTEJIS, /1 — MOJISIPHBIA 00BEM PaCTBOPHUTEIIS.

3amMeTuM, YTO OCMOTHUYECKOE JaBjIieHne B ypaBHEHUU 1.4 sSBHBIM 00pa30M 3aBHCHUT OT
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Temreparypbl. B nepBoM npuOIMKeHUr ¢ €€ pOCTOM SPUTPOIUTHI IO MOJETH «00e/-
HEHHOT'O CJI0si» OY/IyT B3aMMOJIEUCTBOBATH C OOJIBIIUMU CHJIAMHU.

[Ipu paccmoTpenun nedopMupyeMbix 0ObEKTOB, YaCTh MOJOKEHUH 00 OCMOTHYe-
CKMX CHJIaX MEHSIETCS, U YpaBHEHHUs yCIOKHAWTCA. Tak, paccmaTpuBas aedopMmupye-
Mble cpepbl ¥ IPUHUMAsI BO BHUMaHUE CBOOOHYIO SHEPIHIO UX MOBEPXHOCTHU, a TaKkKe
OCMOTHYECKHE CUJIBI CO CTOPOHBI MaKpoMoJieKkyJ, Brian Vincent u coaBropsl [61] orpe-

AEJIAIA TOJIIIMHY 00€HEHHOTO CJIOS CJIeTYIOIIMM 00pa3oM:

1 [(TI 111
A=yl =) +4A2 - —= 1.
5 <D> +48) — 55 (1.5)

rae Ay — 9TO TOMIMHA 00€THEHHOTO CJIOS PU KOHIIEHTPAITUN MUK POMOJIEKYIT, CTpeMsi-
M K HyJio, [ — ocMoTudeckoe naBiieHue, Kak U B ypaBHeHuu 1.4, a D — napamerp,

3aBUCSIINIA OT 00bEMHOI KOHIIEHTPAILUY OJIUMepa:

2UpT (AN,
D = 1.6

rae My — MoJeKysisipHasi Macca MaKpOMOJIEKYJT B paCTBOPUTEIE, cg 00beMHasT KOHIICH-
Tpauus nojaumepa, kp — nocrosinHas bonbiimana, N, — nocrostHHasi ABorajapo.

Jlnst Gosiee TOYHOM MOJEIIM SPUTPOIIMTHI pACCMATPUBAIOT, KaK THOKHE OOBEKTHI CO
CJIO)KHOM CTPYKTYpPOH, TaK KaK INIMKOKJIUKC SPUTPOLIUTOB COCTOUT U3 MOJIUCAXAPU-
JIOB, U OKPY’KaIOI1e MaKpPOMOJIEKYJbl MOTYT B3aMMOJIEHCTBOBaTh ¢ HUM. ToT pakT,
YTO MaKPOMOJIEKYJIbl MOT'YT TIPOHUKATh Uepe3 TTIMKOKAJMKC UM aJcoOpOMpoBaThCs Ha
HEM, UTPaeT BAXHYIO POJIb B OOBSICHEHUH «KOJOKOJ000pa3HOi» (hOpMBI 3aBUCHMOCTH
SHEPI'YM B3aUMOJICHUCTBUS SPUTPOLIMTOB (WK ke AD) NpU yBeJIUUEHUU KOHLIEHTpAIu1
MakpoMoJieKya. OUYeBUIHO, YTO TTyOMHA MPOHUKHOBEHMSI MaKpPOMOJIEKYIT JIOJKHA 3a-
BUCETb OT WX THUIIA, KOH(pOpMAaIINK, pa3MEPOB U 00ObEMHOI KOHIIEHTpaluu. B obmiem
ciyuae riyOrHa MPOHUKHOBEHUS, M CJIeI0BaTe/IbHO, OOETHEHHBI CJIoi OyaeT OobIe
111 HeOOJBIIMX MOJIeKYI. ITpo pacdyeT OCMOTHUYECKUX CHIT ISl SPUTPOILIMTOB MOAPOO-
Hee CM. B cTtaThe [62].

[Tpu mMopempoBaHuu AD ¢ MOMOIIBI0 MOJICTN «00EJHEHHOTO CJIOS» Yallle BCEro
MOJIb3YIOTCSl YIIPOIIIEHHBIM MOJIXO/I0M, MPEJJIOKEHHBIM aBTOpaMU B cTaThe [63]: cuna
B3aUMOJIECTBUS MEKY TBYMSI SPUTPOLIMTAMU, KaK U B YpaBHEHUU 1.2, CKJIagbIBAIOTCS

N3 CUJI IPUTANKCHUA U JICKTPOCTATUICCKOI'O OTTAJIKMBAHU AL
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®, = D,[e?Fro=r) — 9¢28(ro=r)] (1.7)
f(r) = 0 28D, [2*7 (0] 28(ro=r)] (1.8)
or

rJe 79 O3HAYAT IJIMHY, IPU KOTOPOH CUJjia B3aUMOJAEICTBUSA ucye3aer, [, — moBepx-
HOCTHYI0 9Hepruio, a 3 — MacimtabHbiit ko3 duiment. JlaHHbIi MOIX0A CIIBHO YIIPO-
HIAET MMOCTPOEHUE MO AD, NMOCKOJbKY B IAHHOM ciiydae A 3aBUCHUT BCETO OT 3-X
napaMmeTpoB. bosee nogpoOHO Mpo MocTpoeHue IaHHoi Mozaeu AD ¢ yyetoMm 1D mno-
apoOHee cM. B auccepranuu [64], Takke B HE JOMOIHUTEILHO NPeICTaBIeH UCXOTHbBIN

KOJ1 Ha s13bIKe nporpammupoBanus Cu.
ABTOpOM auccepranuu Obla paspadoTana 2D mojenb arperaiuyd SpUTPOIMTOB
B (hopMe JKEeCTKHX AMCKOB 0e3 JIEKTPOCTATUYECKOTO OTTAIKMBAaHUS. MaKkpOMOJeKy-
Jbl B MPEJIOKEHHOM TO/IXOJ€ HAaXOASATCS B COCTOSIHUM OPOYHOBCKOTO JIBUKEHUS, U
OCMOTHYECKas CWJIa BBIYMCIISAETCS HanpsaMylo. [IporpaMmHbIil KOI MOAENIN IOCTyNEH
B OoTKpbITOM penosutopun GitHub [65]. B Ilpunoscenuu 1. Baauoauyus 2D moodeau
azpezauuu HcecmKux Kaemox MPEeJCTABIEHbl HEKOTOPbIE PE3YJIbTAThl, MOJyYEHHbIE C

OMOIILBIO JaHHOU MOJEJIN.

Moaejab «<MOCTHKOB»

Mopenb «MOCTUKOB» TpeAroaraet, YTo Ha MeMOpaHe pUTpoluTa crenudude-
CKM WM HecrienmnpruIecKr acopOMPYIOTCs MaKpPOMOJIEKYIIbI, KOTOpbIe MPU OJIM3KOM
KOHTAKTe JIBYX SPUTPOIMTOB B3aUMOJICHCTBYIOT JIPYT C APYrom, o0pa3yst «<MOCTUKH»,
YTO SIBJISIETCS IPUYMHOM CHIIBI IPUTSDKEHHUS MeK Ay spuTpouutamu [66]. T.e., cornacHo
AaHHOU Mozes, AD MPOUCXOIUT TOTAA, KOTAa CUJIBl CO CTOPOHBI «MOCTHUKOB» IPEBOC-
XOMSAT CHJIBI, TIPETISATCTBYIOIIME arperaiyn: CHIbl JIEKTPOMArHUTHOTO OTTaJKUBaHUSI,
CHJIBI CO CTOPOHBI CJIBUTOBOT'O TIOTOKA U JP.

CyI11ieCTBEHHbIM apr'yMEHTOM B IOJIb3Y JIAHHOM MOJIEJIU SABJISIETCST KOPPEJIALIMS MEX-
KJIETOYHOT'O PACCTOSIHUS C TUAPOAUMHAMUYECKUM PaInyCOM U3ydaeMbIX MaKpOMOJIEKYJI,
YTO MOXET YKa3bIBaTh HA TO, YTO MAaKPOMOJIEKYJIb PACTIONIOKEHBI MEX/Ay KJIETKaMU U
MEXKJICTOUHBIN TIPOMEXKYTOK OyaeT OoJjble sl UX 0ojiee BBICOKUX MOJIEKYJISIPHBIX
Macc [54]. Takxe B padote [66] ObLI0 MOKa3aHO, YTO AD B m1a3Me omnpeaesieHHO 00y-
CJIOBJICHa B HEKOTOPOW CTEIEHM MEXaHW3MOM 00pa30BaHMS MOCTUKOB. B omHOI u3

IEPBLIX cTaTteu 1o paCCManI/IBaCMOIU/I MOJECJH ITOKAa3aHO, 4YTO CHJId B3aMMOJICUCTBUS
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SPUTPOLIMTOB CKJIA/IBIBAETCS U3 CAeAYIOIUX cui [67]:
Farp. = FMOCT. _ FOTT. _ FCILB.HaHp. _ F3J'IaCT.7 (19)

rae Fop — cuna arperaimu, Foer, — CUa, JAEACTBYIOMASA CO CTOPOHBI «MOCTHUKOB»,
Forr. — crJ1a 37IEKTPOCTATUYECKOTO OTTAIKUBAHUA, [ pg panp. — CHJIA, JEHCTBYIOIIAA CO
CTOPOHBI TOTOKA )KUJIKOCTH (HATIPSKEHUS CABUTA), Fypacr. — CHJIA, AEMCTBYIONIAS CO CTO-
POHBI 31aCTUYHON MeMOpaHbl. CrJjia JIEKTPOCTATHUECKOTO OTTAJIKMBAHUS 00YCJIOBJICHA
OTpHUIIATEJILHBIM 3apsA0M MeMOpaHbl aputporuTa [4]. Cuuraercs, 9To Flp,er., BEPOSIT-
HO, MaJIa B HOPMAJIbHBIX PUTPOLIMTAX U3-32 HU3KOTO MOAYJsl YIIPYrOCTU, OAHAKO MpU
CHUXEHUM J1ehOPMUPYEMOCTU IPUTPOLIUTOB Faer. YBEIMUMUBAECTCS, UTO MPUBOAUT K
CHUXeHMIo AD.

CyIlIecTBYIOT pa3Hble Bapyuallii MOJIEN «MOCTHUKOB», KOTOPbIE MOKHO Pa3/Ie/UTh
Ha J1Ba OOJIBIIMX KJIacca, OJWH U3 KOTOPBIX MPEANoiaraeT paBHOMEpHOEe 0Opa3oBaHue
«MOCTHUKOB» Ha MeMOpaHe SpuTpolnTa (Hecreruduaeckoe CBA3bIBaHUE), a IPYTOii OC-
HOBBIBAETCS Ha TOM, YTO MaKPOMOJIEKYJIbl CBSA3BIBAIOTCS C OIpPeACICHHBIMUA OeTKaMH
Ha MeMOpaHe spuTpolura (crieruduueckoe cBs3biBaHue). JJoBOJIBHO YacToO B JMTEpa-
Type [4] cua co CTOpOHBI OHOTO MOCTHKA pacCMaTpUBAETCs HA IPUMEpe PacTHYTOM

Py KHHBI:
x

Farp. = kMOCT.(l - ZO)nCB.Ty (1.10)
r1e Kyocr. — KOI(PUIIMEHT KECTKOCTH MOCTHUKA, | — [y — pa3HMIIA JJIMHBI PACTSIHYTOR
U HEpaCTSHYTOW MaKpPOMOJIEKYINbI, Ncs — IUIOTHOCTb CBSI3U, & — PACCTOSIHUE MEXIY

KJIIECTKaMU.

0060011IeHHAs MO/IeJIb arperanui SPUTPOIUTOB

Ha nepBblii B3IJ151]] IBE paccMaTpUBaeMble MO/ IPOTUBOPEYAT IAPYT APYTy: MO-
ieJib «<MOCTUKOB» TIPENoaraeT, 4YTo MakKpOMOJIEKYJIbl aIcCOpOUPYIOTCS Ha MeMOpaHax
SPUTPOIMTOB, TOTAA KAaK B MOJIEJIH «00€IHEHHOTO CJIOs» MPEATONIAraeTCsl, YTO MEXIY
SpUTPOLIUTaMU 00pa3yeTcs clioil 6e3 MakpoMosekya (cM. puc.6). Moaenb «o0eJHeH-
HOTO CJIOSI» OIpe/IeJIEHHO CIIPaBeIJINBa, TaK KaK MPUBEIEHHbII MEXaHU3M B3auMO/IeH-
CTBUSI MAaKPOUACTHI] B KOJJIOUJHOM Cpejie He Mo/IBepraeTcsi COMHeHUI0. B Toxe Bpems
B psfe MyOauKanui ObUIO TIOKA3aHO, YTO PsJl MAaKPOMOJIEKYJI, TAaKUX Kak (hpUOpUHO-
I'eH U JIEKCTPaH, Olpe/ieJIeHHO aAcopOUpyIoTcsi Ha MeMOpaHe spuTpouuTa [34, 68, 69].

AjcopOiusi MakpOMOJIEKYJ B TO K€ BpeMsl MOXKET ObITh Kak crelnupUuIecKon, Tak U
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Hecniengudeckoit. [ToaToMy ciaeayeT oxuaaTh, 4TO 00e MOJEIU UMEIOT CIpaBe/lJIu-
Bbl, HO B 3aBUCUMOCTH OT KJIETOUYHBIX M BHEIIHUX (haKTOPOB MU3MEHSIETCS BKJAJ TOM
WM uHOM Mozes B AD (cM. puc.6B). O6001eHHass MO/Ie)Th TIO3BOJIHIIA OBl OOBSCHUTD
PacXOoXJAeHUS MEXAY IKCIIEPUMEHTOM M TE€OpHel, OMHAKO HA MOMEHT HAIMCaHUs 1aH-
HOW paOOTHI CBeJIEHUs O €€ MOCTPOSHUH U UCTIOIb30BAHUN B CTAThSIX M IUCCEPTALMAIX
CKyaHbl. I[IprurHa 3TOro Kpoercsi B CJIOKHOCTU JTaHHOM MOJE/IA M B TOM, YTO MHOTHE
ACTIEKThI KMOCTHUKOB» U «O0EHEHHOTO CJIOS» OCTAIOTCS HE JI0 KOHIIA N3YUYEHHBIMHU.

Bonee noapoOHO 1po 0000IIEHHYI0 MOJIe b AD ¢ yY4EeTOM PacCMOTPEHHUs! JTUTepa-
TypHI TTofipoOHee cM. B pasjene «Bridletion» B nuccepranuu [70].

< (o Pp © 5 49 b pg o
4 by & %
® PRL
& ® G H b
) ¥l
] % &
® Y
%4 5 ®
b L]
< e ¥
&
& ]
. AL B B .o
® ® py 85 ° "9 Py
La b3G B8 4 LB ® s @@b‘@@&@J
& MaKpOMOEKYbl agcopbupoBaBLUMECA MAKPOMOJIEKYIbI obegHeHHbI cnol Il 06beM nepekpbITUA

Puc. 6: Mopenu arperaiiuii SpuTpoLUTOB: (a) MOAENL «MOCTUKOB», (0) MOfIeNIb «00€eIEHHOTO CJIOSI» U
(B) 00001IeHHass MoAeb AD.

1.2.6 Al‘pCI‘ alud SPUTPONUTOB IIPU COMNAINBHO-3HAYNMbIX 3200/1€BAaHISX

AD usMmeHsieTcs nipu psijie Oosne3Heit u natonoruid. Ismenenus AD BbIsBJICHBI TIPU
MH(EKIIMOHHBIX 3200JIeBaHUSIX (CETNCUC U Jp.), PU CepACUYHO-COCYAUCTHIX 3a00JeBa-
Husix (CC3) (aprepuanbHas runeprensus (Al'), atepockiepos, nuHpapkT MUOKapa,
unremudeckasi 6one3ns cepana (MBC), ¢pudbpmsamusa npeacepauii (PI1) u ap.), npu
MeTaOOMMUECKUX HapyleHusx (caxapHbiii tuadet 2-ro tuna (CI2T), oxupenue, u ap.)
U Ipyrux 3a0oyieBaHusIxX [4].

CC3 sBusioTCcs Beaylei NpUuuMHONR cMepPTHOCTH Bo BceM mupe. 13 20.5 muimo-
HOB cMmepreid, cBsa3anHbix ¢ CC3, B 2021 rogy npumepHo 80% MpoOU30IILIM B CTpaHaX
C HU3KUM U CcpeJIHUM ypoBHeM foxoja [71]. K ganHbIM 3a00J1eBaHKUAM B MEPBYIO OYe-
peab otHOcATcA UBC, nndapkt, Al, 1 Ap.; a K OCHOBHBIM (paKTOpaM pUCKa OTHOCUTCS
CI2T, oxupeHue, NOBBIIEHHOE KPOBSIHOE JlaBjieHue u np. [71].

WBC npencrasiser coboit opranndyeckoe U (hpyHKIIMOHATBHOE MOBPEXKIEHUE Cep-
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JACYHON MBI [TTaBHOUM MPUYMHOM 3TOro 3a00/IeBaHMs ABJISACTCS aTePOCKIIEPO3 KO-
POHApHBIX apTepuil, KOTOPBIA MPOSBISIETCS CyXEHHEeM WU TOJHBIM OJIOKMpOBAaHUEM
NpOCBeTa cocya n3-3a oopazoBanus Onsmek. Kpome toro, UBC mMoxeT pa3BuBaThCs
Ha (poHEe TPOMOOIMOOIMU WM CTTa3Ma KOPOHAPHBIX apTepwii [72]. MeTomom ja3epHoit
arperomMeTpuu ObLJIO TTOKa3aHo, uTo AD npu MBC moBsliiieHa Mo cpaBHEHUIO CO 370pO-
BbIMU JJOHOpamu [16].

®II xapakTepu3yeTcsi HapyLIEHUEM CEPIEYHOIO PUTMa, BBI3BAHHOTO YPE3BBIYANHO
OBICTPBIM U HEperyJsipHbIM cokparieHueM npeacepauii. [lpu ®I1 HabmonaeTcss NoBbI-
IIEHHBIN pUCK 0Opa3oBaHUs TpoMOa B MpUAATKE JEBOrO MpeAcepausi, KOTOPHIA 3aTemM
MOKET IOINAacTh B MO3I' M BbI3BaTh MHCYJILT. PII MoBbIIIaeT pUCK MHCYJIBTA B MSTh pa3 U
siBJisieTcss npuanHOM 15-20% Bcex ciiyyaeB MHCYJIBTOB [73]. THCYJIbTHI, BO3HUKAIOIINE
y nanueHToB ¢ ®II, kak npaBmio, Oojiee TsKeble, YTO MPUBOAUT K O0jiee BbICOKON
cmepTHOCTH [74]. B cratbe [75] Obula moka3aHa JiMHEHHAs] 3aBUCUMOCTb MEXIy KOH-
HeHTpaiueit pudbpruHoreHa u cteneHpio ociaoxkuenus PII.

[Tpu CJI2T HabmogaeTcs MOBBITICHUE BSA3KOCTH IEJIbHON KPOBH, YTO MO OOJbIICH
Mepe 00yCJIOBJIEHO TIOBbIIIeHHeM AD, CHUXeHrueM /1D 1 MOBbIIIEHUEeM aJre3ur SpUT-
POLIMTOB K IHAOTEIMALHBIM KieTkaMm [76]. Kpome Toro, npu CI2T HabmopaoTcs
MHUKPOPEOJOTUIECKHE HAPYIIICHUS JISWKOIIUTOB M TPOMOOITMTOB, KOTOPBIE COIMYTCTBY-
10T U3MeHeHussM AD u /13, a Takke MOTyT UM IIPeIIECTBOBATH [ 77].

AI" cornpoBoXaeTcsl MOBBIIIIEHHBIM KPOBSIHBIM JIABJICHUEM W SIBJISIETCS OJHON U3
HauboJiee YacThIX MPUUUH OCTPOM Cep/IeuHON HEJOCTaTOYHOCTH, UHCYJIbTA U JPYTUX
CC3. O06bryHO BiaesieT 3 cteneHu Al, XapakTepu3yloluecs 3HaueHUeM CUCTOInYe-
CKOr'o U/MJIM guacToimueckoro gasieHus [78]. B ctatve [79] moka3zaHo, UTO CUCTOJIU-
YeCcKoe apTepualibHOE JaBJieHue y MalueHToB ¢ AJl MOJ0OXUTEILHO KoppeaupyeT ¢ AD
(r =0,391; p < 0,05) nuro AD y NalMEHTOB IMOBBIIIEHA 10 CPABHEHUIO CO 3/I0POBHIMU
JOHOPAMH.

ABTOp guccepTalm COBETYeT pounTath pasaen 6.13 B kaure bopuca Nibnya Kys-
HUKa, I7e TpeACcTaBieH BaXHbII 0030p O MOJEKY/APHBIX acnekTax AD, B TOM 4ucjie

IIPU Pa3JIAYHBIX NATONOrUsAX [21].
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1.3 dedopmupyemMocTb SpUTPOIUTOB
1.3.1 ®Pusznosiornyeckasi pojb 1epOpMHPYEeMOCTH SPUTPOLUTOB

CriocoOHOCTh IPUTPOIMTOB K 0OpaTUMoOi nedopMarum HeoOXoauMa SPUTPOILIU-
Tam ISl BBIMIOJIHEHUSI CBOEH OCHOBHOM (PYHKIIMK: JOCTABKM KHUCJIOpPOJA K OpraHam H
TkaHsM. CpenHuil pazmep sputpouura (7,5—8 MKM) OUYTH B JIBa pa3a NPEeBbIIIAET pa3-
Mep MeJbYallliX KamuuisipoB (MX JUaMeTpsl pacrpefesieHbl B npeaenax 3-12 Mkm
[80]). D10 03HAUAET, UTO MPU MPOXOKICHUH YEPE3 KAIUJUISPHl SPUTPOLIMTHI BHIHY K-
AeHbl 1e(OpMUPOBATHCS MOJ] IEHCTBUEM CABUTOBOrO HanpsikeHus. ledpopmMupyeMocThb
puTpoUToB (/1) 3aBUCUT OT (pOPMBI KJIETKHU (COOTHOILIEHUE TOBEPXHOCTH U 00bEMa),
MEXaHUYECKUX CBOMCTB MeMOpaHbl U IIUTOCKEJIeTa, a TaKKe BHYTPUKJIETOUHON BSA3KO-
CTH, KOTOpasi CBsI3aHa ¢ KOHIleHTpaIruei reMoriaoouHa [81].

SDPUTPOLMTHI YyBCTBUTEJIbHB K U3MEHEHUSIM CIBUTOBBIX HaIpsKeHUd. B yacTHO-
CTH, OHHU J1e(pOPMHUPYIOTCS U OTJAIOT KUCIOPO] B TEPMUHAJIBHBIX KalWLIsApax, KOTOpbIe
cHa0XaloT KUCJIOPOJOM Npujiexanivue TkaHu. [Ipu uameHeHrH (pOpMbI SPUTPOLUTOB
U MOTEPe KUCJIOPOia TeMOITIOOMHOM BBHICBOOOXKIAIOTCS BEIIECTBA, TAKME KaK aJeHO3-
uHTpUdocdaT U OKCUJ a30Ta, KOTOPbIE MO3BOJISIOT PETYJIMPOBATh TOHYC KAMWLISPOB.
ITOT BUJ| CUTHAJIM3AIIUM MEX/1y KJIeTKaMU 00ecreYnBaeT TUIaBHbII U aJJalTUBHBIN 10-
TOK PUTPOLIUTOB, KOTJa 3TO HEOOXOIMMO, TEM CaMbIM ONTUMU3UPY S JOCTABKY KHUCJIO-

pola v ygaJieHHue YIJIEKUCIIOro ra3a u3 Tkane [12].

1.3.2 Mexanu3zmsbl JepopMUpPYEeMOCTH IPUTPOIATOB

Mexanu3mbl 1D OCHOBaHbBI Ha aKTHUBAIlMM MOJIEKYJISIPHBIX CUTHAJIbHBIX KAaCKaJlOB
BHYTpH spuTponnta [34]. JlaHHbIe KacKaJpl MOTYT ObITh 3ayIIEHbl PA3TIMYHBIMU CUT-
HAJIBHBIMA MOJIEKYJIaMU, CPEIX KOTOPBIX MOKHO BBIIECJUTH Ta30TPaHCMUTTEPHL [48],
snvHugpuH [34] u ap. B crathe [82] ¢ momolpio MeToa Macc-CleKTPOMETPUU OBLIO
BBISIBJICHO 752 MeMOpaHHBIX O€JIKa, U BCe OHM OBLJIM MCCJIeIOBaHbI Ha MpeaMeT Koppe-
nsmu ¢ [13. YetbipHaanath MeMOpaHHBIX OSJTKOB IMOKa3aJIi CHIIbHYIO ITOJIOKUTEIIbHYIO
koppessauuo (r > 0, 65) ¢ nepopMUpyeMOCThIO KJIETOK: YEM BhIllie KOHIIEHTpalus OeJl-
Ka, TeM Bhiie /3. B yacTHOCTH, 3TO Takue MeMOpaHHbIe OeJIKHU, Kak Stomatin, Band-3,
Protein band 4.1 n ap. (cM. puc.3). Takxe B gaHHOU cTaThe OBLJIO TMOKa3aHO, 4TO,
3Hasl CoJiepKaHre OJJHOTO M3 YEThIPHA/IIIATH BHISIBJICHHBIX MEMOPAHHBIX OEJIKOB, MOKHO

JOBOJIbHO TOYHO Mpejicka3aTh 3HaueHue [13.
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1.3.3 JlepopmMupyeMocTh SPUTPOIHTOB NPH CONHNAJILHO-BA’KHbBIX 3200JIeBAaHHSX

YcranosnieHo, uto cHkenue 19 HabmogaeTcs y 6ombimHcTBa nanueHTo ¢ CC3
[83]. I cHukeHa y MaIlMeHTOB ¢ UIIIEMUYECKOU 00JIe3HbIO cep/lia, U €€ KOJIMYeCTBEH-
Hasl OIleHKa MOKa3bIBaeT PUCK BO3MOXKHBIX ocjioxkHeHM [84]. Takxke ObLJIO MOKa3aHoO,
gyTo /1D cTarMcTHUYECKW 3HAYMMO MajiaeT Npu caxapHom auadete 2-ro tuma (CI2T)
[85]. CymiecTByeT psi JOKa3aTeJbLCTB, YTO HapylleHue nepdy3un TKaHeu, HaO o iae-
moe ripu CII2T, B nepByo ouepep CBSA3aHOo ¢ HapymeHueM 19 [86]. [Tmko3unnpoBanue
MeMOpaHHBIX ¥ BHYTPUKJIETOYHBIX OEJIKOB, CBSI3aHHOE C TUTIEPIIMKEMUEH, 3HAUUTE Th-
HO CHIXaeT JIedopMallMOHHbIE CBOMCTBA MeMOpaH U BS3KOYIIPYTHUE CBOWCTBA BCETO
sputpouuta npu CII2T [87]. JlonosHUTENbHO, NTOBBIIIIEHUE BHY TPUKJIETOYHON KOHIIEH-
Tpaly [JIIOKO3bl MPUBOJIUT K YBEJIWYEHUIO TJIMKO3WJIMPOBAHHOIO T'eéMOIJIOOMHA, YTO
BJieueT 3a coboii cHuxkenue I [88]. Oxucnurenshbiii crpecc npu CHA2T npuBogut
K TMOBPEXACHUI0 MEMOPaHHBIX OCJIKOB SPUTPOIUMTOB Aake MPU OTHOCHUTEJILHO KOPOT-
KOM BPEMEHM BO3JEHCTBUA. Y BEJIMUYEHUE COOTHOILIEHUS XoyecTepun/pocdonmunuab B
MemOpaHax sputporuTax y 6onbHeix CI2T Takke MPUBOJUT K CHIKEHUIO UX edop-

mupyemoctu [89]. Takxke /1D nonmxkaercs npu Tadbakokypenuu [90].

1.4 Arperamust TpOMOOIITOB
1.4.1 ®dusnosornyeckasi pojb arperaniua TPOMOOIMTOB

Arperamus TpomoonutoB (AT) npeactaiisieT cod60# KIIIOUEBOH (PU3UOTOTMUECKUIA
NPOLECC, UTPAIOLLMI PEMIAIILYIO POJb B MOAJEPKAHUU LETOCTHOCTA COCYIUCTON CH-
CTeMbl U TIPEJOTBPAIllEHNH KPOBOTEUEHUH. DTOT MpoIecC BKIOYaeT B cebs1 00pa3oBa-
HUE TPOMOOLIMTAPHBIX arperaToB B OTBET Ha MOBPEXKJEHUE COCYIUCTOW CTEHKH, UTO
SIBJISIETCSI IEPBBIM 3TarioM TpoMOooOpazoBanusi. Pusnonorndeckas poib AT 3aksoua-
€TCSl HE TOJIbKO B MPEAOTBPALEHUN KPOBOTEUYEHUI, HO 1 B MOAJAEP)KAHUMA FeMOCTa3a
M BOCCTAHABJIMBAIOIIUX MPOIIECCOB B COCYAMCTOH cucTeMe. Arperatbl TPOMOOIIUTOB
00ecreunBaloT MEXaHMUECKYI0 OapbepHYIO (DYHKIIUIO, IPETISITCTBY I JaJIbHEUITIeMY BbI-
XoAy KpoBu U3 cocyaa. Kpome Toro, akTMBUpOBaHHbIE TPOMOOLIUTHI BHICBOOOXKIAIOT
(bakTOpPBI pOCTA U LIUTOKUHBI, KOTOPbIE CIIOCOOCTBYIOT MUTPAIMK U Tpoudepaliy H-
AOTEUAIBHBIX U [JIAJAKOMBIIIEYHBIX KJIETOK, a Takke (puOpo06JIacTOB, YTO BaXHO IS

BOCCTAHOBJICHHSI CTPYKTYPHOHR M (DYHKIIMOHAJIbHOU LIEJIOCTHOCTH COCYAUCTON CTEHKH.
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1.4.2 OcHoBHbIe MEXaHH3MBbI arperanua TPOMOOINTOB

MonexkynsipHoii ocHoBo#i AT siBisieTCs mepexo NOBEPXHOCTHOTO TPOMOOLIUTAPHO-
ro a3 UHTErpUHA U3 KOH(POPMAIITMOHHOTO COCTOSIHUSI C HU3KUM CPOJICTBOM K (puo-
PUHOTEHY B COCTOsIHME C BBICOKMM. [locKONbKY (hUOpHHOTeH SIBseTCs] OUIONISIPHOM
MOJIEKYJION, OH MOXET CBA3BIBATHCS OJHOBPEMEHHO C JBYMs KOMIUIEKCAMU UHTETPU-
HOB. VIMEHHO 3TO MO3BOJISIET AKTUBUPOBAHHBIM TPOMOOIIUTAM «CBSI3BIBAETCS» JIPYT C
OPYroM (arperupoBarthb).

OpHako CylIeCTBYIOT U APYTME MOJEKYJISAPHBIE MEXAHU3MBbI, KOTOPBIE MOTYT BBI-
3piBaTh AT [91]. Hanpumep, noOGaBieHre pUCTOLETHHA K TUIa3Me C TPOMOOIUTaMU
BoI3biBaeT AT u ucnonb3yercs sl olleHKH ¢aktopa BumneOpanna. B otimume ot
a7 7p33-0TIOCPEIOBAHHON arperaium, 3TOT MPoIecC He 3aBUCUT OT METaOOIMUECKU aK-
TUBHBIX BHY TPUKJIETOYHBIX ITPOLIECCOB, a ABJISETCS Pe3y/IbTaTOM CBSA3bIBaHUS (haKTOpa

Bunnebpanga ¢ mmkonpoteMHoM /b Ha TOBEPXHOCTU TPOMOOIIMTOB, UTO MPUBOAUT K
AT.

1.4.3 Arperanusi TpOMOOIIMTOB NMPH CONUAJILHO-BA’KHBIX 3200JIeBAHUAX

[Tpu GosbIIMHCTBE cepAeYHO-coCcyaUCThIX 3a00neBanusx (CC3) AT ysennunBaetcs
[92]. B nocnenHee Bpems napaMmeTpsl, Xxapaktepusywomme AT, CTAHOBATCS OJHUMU U3
ocHOBHBIX MapkepoB CC3 [93]. i3meHnenns B AT MOryT IPOUCXOAUTH 32 CYET YCUJIEHHU ST
IIPOArperalvoHHBIX CTUMYJIOB, TaK Y 3a CUET CHUKEHUS KOHLICHTPALIMKA aHTUarperanu-
OHHBIX BELIECTB, YTO CO3AAECT NPEIINIOCHUIKY 151 MOBBIIIEHHON akTUBauuu u AT.

K npumepy, ¢ momonipio MeToJa Jia3epHOl TypOUAUMETPUU, UCIIONb3Ysl pa3HbIe
uHaykTophl AT (Takue kak ageHosunaudocdat (AIDP), komwiareH, agpeHaaInuH, apaxu-
JOHOBAs KMCJIOTA U PUCTOLIETUH) W AHAIA3UPY S IOJyYEHHBIE arperaTorpamMmmbl, MOXHO
JeTeKTUPOBATh PAa3IMYHbIe HApPYIEHUs B Tpoiecce TpomOooOpasoBanus [94, 95]. B
YaCTHOCTH, C MOMOMIbI0 JaHHOrO MeTona U AJ/I® nokasaHo, YTO y MAalMEHTOB C HIIe-
MUYECKMM MHCYJIbTOM, a Takxke ocioxkHeHHbM CII2T HabGmonanack moBbimieHHass AT
OTHOCHUTEJILHO 3/I0POBBIX JOHOPOB [96].

Taksxe nu3meHenus B AT HaOMOJAI0TCS PU XPOHUYECKUX MUEIONPO(epaTUBHBIX
3a0oneBanusax (XMII3) [97]. XMII3 — sTo rpyrmia OHKOMATOIOTHii KPOBH, XapaKTepH-
3yI0IIasAcs NaTOJIOTMYECKUM JEJIEHUEM OJHOTO WM HECKOJIbKMX BHUJIOB KJIETOK KPOBH.
[eMocTaThuecKre OCJIOKHEHHUs], TAKUE KaK COCYAMCThIe TPOMOO3bl U KPOBOUBJIUSIHUS,

3HAYUTEJIBHO COKPAIAOT MPOAOUKUTENBHOCTh XU3HU nauueHTtoB ¢ XMII3 [98]. ¥V
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STUX MAIIMEHTOB OOBIYHO BO3HUKAIOT apTEpHUaJIbHbIE UM BEHO3HBIE TPOMOO3BI, IPUYEM
niepBble OTBETCTBEHHBI 32 60-70% COOBITHIA, CBA3aHHBIX C MHUEJIONPOI(pepaTUBHHIMU
HOBOOOpaszoBaHusmMu [99]. K stomy Tuiy TpoMOO30B OTHOCSITCSI MIIEMUYECKUIN WH-
CyJbT, OCTPbIi MH(APKT MHOKapaa M OKKIO3us nepudepudeckux aprepuii [99]. B
MHOTOYMCJIEHHbIX ucciienoBanHusax u3yvyamuch AD [100—102] u kapauonoruyeckue

ocJIO)KHeHUs, cBsa3aHHble ¢ XMII3 [103].

1.5 3Duaorennii u ero BJHsIHHE HA KPOBOTOK
1.5.1 B3zaumoneiicTBUe SHAOTENNS U KJIETOK KPOBH

DHJIOTEJIUIA — 3TO CJION KJIETOK, BBICTWIAIOIIUX BHY TPEHHIO MOBEPXHOCTh KPOBE-
HOCHBIX apTepHil, BEH U KaMWJUISIPOB. DHIOTEINATbHBIE KJIETKA HE TOJBKO 00pa3yloT
MOJIYITPOHUITAEMBIH CJION MKy KPOBbIO M TKAHSIMU, HO M UTPAIOT BaKHYIO POJIb B T€éMO-
CTa3e U KOHTpoJie cocyaqucToro kpopotoka [104—106]. Paznuunbie pakToOpsl, MPUBO-
ASIIKAE K Pa3BUTHIO BOCIIAJIMTEILHOTO MPOIECCa U IPYTUX MATOJOTMYECKUX COCTOSTHUM,
V3MEHSIOT AHTUKOATYJISIHTHOE COCTOSIHME 3HJO0TeNus B npokoaryiasHTtHoe [107]. Ilo-
CKOJIbKY SHJIOTEJMabHble KJIETKM HEeNOCPeICTBEHHO B3aMMOAEHCTBYIOT C KJIETKaMU
KPOBM, OHM MOT'YT TaKke BJIUATh HA MUKPOPEOJOTUUECKre CBOMCTBA, Takue Kak AD u
123 [108]. B yacTHOCTH, SHAOTENMAILHBIE KJIETKA MOTYT OBITh ICTOYHUKOM Psijia CUT-
HaJIbHBIX MOJIEKYJI JJ151 KJIETOK KPOBU, B OCHOBHOM, OKcujia azota [109].

B 0630pe [9] npuBeaeHO cOBpeMeHHOE MpeICTaBIeHue O B3aUMOACHCTBUM H/I0TeE-
JIYSI M KJIETOK KPOBH. B yacTHOCTH, OKa3aHbl MOJIEKYJISIPHBIE ACTIEKThl B3aUMOAECHCTBUS
MPY HAJIMYUK TaKUX TATOJIOTUH, KaK CepIIOBUIHO-KJIETOUHASI aHeMU s, UICTUHHAS TTOJIU-

UTEMUS, [IEHTPaIbHAsl OKKJIIO3MSI BEH CETYATKU M CaxapHblid JuadeT 2-ro TUIma.

1.5.2 Apjre3usi SpuTPONMTOB K SHAOTEJHIO B HOPMeE U NAaTOJIOTr Al

B ¢puznonornueckux yciaoBUsIX aare3ust IpUTPOLUTOB K COCYIAUCTOMY SHIOTEIHIO
JOBOJIbHO HU3KA, OIHAKO MPH PsAe NATOJOTMUYECKUX COCTOSHUIN aAre3usi SpuTPOLIMTOB
K COCYAMCTOMY HIOTEJHIO0 MOXET ObITh BEAYIIMM (DAKTOPOM CHMKEHHS nepy3ur 1
uiiemuu Tkaneti [ 110]. Harpumep, B ctathe [111] 6bu10 HoKka3zaHo, 4To aAre3us SpuTpo-
LIUTOB 3JOPOBBIX JOHOPOB K MOHOCJIOI0 SHJOTEJINS 3HAUUTEJILHO HUKE 110 CPABHEHUIO
C 9PUTPOLIUTAMH MAIIMEHTOB, OOJBHBIX CEPIIOBUAHO-KJIETOUHOM aHEMUM.

B ¢puznonornyeckux ycjaoBusAX B3aMMOJENCTBAE OQUHOYHBIX SPUTPOLIUTOB U H/IO-

Tems u3ydanoch B padote N. Mohandas [112]. M3Mmepenursi pOBOAMIUCH C TTOMOIIIBIO
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METOJa acClMpalydyd MUKPOMNMUIIETKOM, U CUJIbl B3aUMOJEWCTBUS COCTABUJIM OKOJIO 22
nH. B To e BpeMs CWIbl aAre3un SpUTPOLIMTOB U3 KPOBU NALMEHTOB C CEPIOBUIHO-

KJIETOYHOW aHeMMeEH K dHI0Te Mo cocTtaBwiM 31 mH.

1.6 CoBpemMeHHbIE ONITHYECKHE METO/IbI H3MEPEHUSI MUKPOPEOJOr MUeCKUX

apaMeTpoB KpPOBH
1.6.1 Onruuyeckue CBOICTBA KPOBH

O0603HaYMM OCHOBHBIE ONTUYECKHE CBOMCTBA SPUTPOIIMTOB: MOKA3aTelb MPEIOM-
JIEHUS] SPUTPOLIMTA OTHOCUTEJBHO IIa3Mbl KPOBH B OKHE MPO3PAYHOCTH IPUTPOLIUTA
(A = 0,6 ~ 1 MKM) ABISETCS KOMIUIEKCHOM BEJIMYMHONM M = n + 1), rae n =~ 1,05,
X ~ 1074 [113]. HeicTBUTENbHAS YACTh ITOKa3aTesd OJIM3KA K €JUHMIIE, UYTO AEJIaeT
SPUTPOLIUT ONTUYECKU «MSTKOW» YacCTULEH U JAaeT BO3MOKHOCTh MCIOJb30BATh MHO-
KECTBO YMCJIEHHBIX METOJIOB pacyeTa, OCHOBAHHBIX HA PACCESIHUU U3JIYUYCHUST «MST-
knMn» dactunamu [114]. K maHHeIM MeTOoJaM MOXKHO OTHECTH TaKue METOAbI, KakK
Teopust Mu, npubnamxenue Panes-lanca-Iledas [115], npubmkeHre aHOMaIbHOR OU-
dpakuuu [27], npubmkeHre reoMeTpudeckoit ontuku [116], mydeBonHoBoe pud/IH-
xenue [117], muckpeTHo-aunoapHOoe npudarkeHue [118], MeTon KOHEYHBIX pa3HOCTEH

BO BpeMeHHoii obnacTu [119] u npyrue [114].

1.6.2 Jla3epHasi arperoMeTpusi

BriepBbie MeTo 1a3epHO# (I ONITUYECKO ) arperoMeTpru ObLT IipeiiokeH B 1958
rogy aBropoMm W. Zijlstra [120] (cm. takxke [4, 121] no ucropur pa3BUTUS arpero-
METPUM) JIsI U3yueHUs: (POPMUPOBAHUS IPUTPOLIMTAPHBIX arperaToB. JlaHHON MeToA
OCHOBaH Ha aHaJM3€ CBETa, PACCESIHHOTO OT CYCHEH3MU KJIETOK KPOBHU (IPUTPOIIUTOB
W1 TPOMOOIIMTOB), KOTOPBIE B MPOLIECCe U3MEPEHU S B3aUMOJCICTBYIOT APYT C IPYTOM,
OT YEero napameTpbl pacCesIHHOTO M3JyUYeHUs] MEHSIIOTCS BO BpeMeHU. B nanpHeiem
JAaHHBIA METOJ OYJIET pacCMAaTPUBATHC S OTHOCUTEIIHHO pacCesTHUS TOJIBKO Ha SPUTPOITH-
TaX. MeTo/1 Ja3epHOii arperoMeTpuu Mojipa3yMeBaeT paccesiHie Ha 00JIbIIOM aHcaMOJIe
KJIETOK, TIO9TOMY B OOIlIEM CiIy4yae peajn3yeTcs peKMM MHOTOKPATHOTO pacCesiHUS.
[Ipex e, uem nepeiTu K aHAIU3y paccesiHUs U3JTy4YeHus OOIbIINM aHCaMOJIEM KJIETOK,
HEOOXOAMMO PACCMOTPETh, KaK PACCEUBAET U3JIyUYEHUE OJIMH SPUTPOIUT, IOTOM OJUH
CJIOW TUX KJIETOK, U YK€ MOTOM MEPEXOAUTh K MHOTOKPAaTHOMY paccesiHiio. OCHOBHbIE

IIPUHLIMIIBI pacCesIHUA CBETa SPUTPOLUTAMU M SPUTPOLUMTAPHBIMU CTPYKTypamu (arpe-
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raTamu) rmoapoOHo onvcaH B KHure [114].

Ha pblHKE CYIIECTBYIOT HECKOJIBKO THUIIOB KOMMEPUYECKUX MPHUOOPOB, CIIOCOOHBIX
M3MEPATh MapaMeTpsl AD METOAOM Jla3epHoil arperomeTrpud. K HUM OTHOCSTCS Jia-
3epHble arperomeTpsl Myrenne [122], LORCA [123] u RheoScan [124—126]. Bo Bcex
TPeX arperoMeTpax UCHOJb3YIOTCS IUO/IHbIE KPACHBIE JIA3€PhI C AJIMHOMN BOJIHBI TOPSIIKA
A = 635 — 660 HM. CM. 0030p Mo arperomeTpaM B paszfeie Jlazepuvle azpezomempol

015 UCCNeD08AaHUS azpezauuoHHbIX ceolicma apumpouunios.

duznveckuit npuHmmn qugy3Horo paccessHus1 CBeTa

HMuddysHoe paccesiHre cBeTa — 3TO (PU3UYECKUI TIPOLIECC, TPU KOTOPOM JIEK-
TPOMArHUTHOE U3JIy4YEeHHUE, B3aUMOJEHCTBY 51 C HEOJHOPOJHOCTSIMU CPEJIbl MU MOBEPX-
HOCTH, CO CTPYKTypaMH B cpejie (B TOM YHCJIE C KJIETKaMU), paclipoCTPaHSIETCS B Ha-
MIPaBJICHUSX, OTJIMYAIOIIMXCS OT HAIpaBJIeHUs MaJaoNIero Mmy4yka U He 00s3aTesIbHO
JIeKalMX B MJIOCKOCTU M3JIyYeHUsi U HOpMaJiM K noBepxHocTh. duddysHoe pacces-
HUE CBETa 3aBUCUT OT HEOJHOPOAHOCTEH B cpejlie, Tak KaK JaHHble HEOJAHOPOAHOCTH
paccerBaloT najamlinee Ha HUX usinydeHue. OT XapakTepa paccesiHHs, a UMEHHO, OT
3aBUCUMOCTH PACCESIHHOTO M3JIyYeHMS MO yrjaM (MHAMKATPUCHl PACCESIHUS) 3aBUCUT
KapTHHA PacCestHUSI.

OcHoBHOW nipuHIUI U PYy3HOTO paccesiHus MPU PaCCMOTPEHUM arperomMeTpuun
3aKJII0YAeTCsA B TOM, YTO PACCEsIHHOE U3JyUeHHe 3aBUCUT OT XapaKTEepHbIX Pa3MepoB
pacceuBaresieii: SPUTPOLUTOB U UX arperaTtoB. Tak, OQUH SpUTPOLIUT PaCCEUBACT Naja-
I0Ille€ Ha HEro U3JIyYeHUe He TaK, KaKk MACCUBHBII SpUTPOIIMTAPHBINA arperar.

[Tockomnbky mipu mporiecce AD pacceuBawliue 0ObeKThl U3MEHSIOTCS B pa3Mepax:
OJVHOYHbBIE SPUTPOIMTHI CHOHTAHHO B3aUMOIEWCTBYIOT APYT C IPyroM, o0Opas3ysi arpe-
rathbl, TO MO KUHETUKE PACCESIHHOTO M3JyUYeHUs BOZMOKHO HaOM0IaTh 32 MPOLECCOM
oOpa3oBaHusl ATUX CTPYKTYP BO BpeMeHH. [lJis Jiydiiero moHMMaHusl TOro, Kak pacce-
MBAIOT CBET YACTHIIBI PA3HBIX Pa3MePOB, 0OpaTUMCS K YUCJIEHHBIM METOAAM.

Yariie Bcero /Jisi pellieHus YUCICHHbIX 3a7a4 paccesiHusl CBeTa Moyb3yTcs (op-
Mam3MoM Ctokca—Miosuiepa, 4To NO3BOJISIET YYECTh MHTEHCUBHOCTD U MOJISIPU3ALIMIO
U3JIy4YeHus. YTIpyroe B3aUMOJEWCTBUE YACTHUIBl C MAJAIOIIUM HAa HEro U3JyueHUEeM
OMMCHIBACTCS, KaK JMHEHOoe mpeoOpa3zoBanue napameTpos Crokca ([;, Q);, U;, V;) na-
JA0IIEro U3JyYeHUsl yepe3 MaTpully paccesiHus Miojuiepa, pe3ylbTaToM KOTOPOToO

sBistioTcs napametpsl CTokca paccesinHoro usnyuenus (I, Q, Uy, Vi) [114, 127, 128]:
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I S11 Sz Siz Su I

Qs _ b So1 Sza Soz S Qi (111)
Us kir® | Ssi Sso Ssz Sa U |
Vs Syt Saz Siz Su Vi

h Matpra Mioiiepa ’

rzie BoiiHOBoe 4uciio ks (ks = Re(ks)) u paccTosiHue 10 paccerBatelisi 1 He SIBJISIIOTCS
CBOWCTBaMM pacceuBaTesisl U MO3TOMY HE BKJIIOYAIOTCS B MaTpHily. 3aMETUM TaKxke,
yro Matpuiia Miojuiepa Ge3pa3mMepHa U HE HOPMHPOBAHA, a TaKkKe 3aBHCUT OT yrja
paccesiHusA U psja Apyrux napametpos [128].

B cBsI3u ¢ TeM, UTO )15 HENOISIPU30BAHHOTO cBeTa BeKTop CTokca paseH (/;, 0, 0, 0),
TO UHTEHCUBHOCTb PACCESIHHOTO HEMOJISIPU30BAHHOTO U3JTy4YeHusl [ ONUChIBAECTCS dJie-
MEHTOM Matpuiibl Miomepa St;.

Ha puc.7 npuBeieHbl THAUKATPUCHI pacCESHUSA CBETa chpepaMu S MKM U 15 MKM rpu
00JTyYeHUH UX MJIOCKON HeMOISIPU30BAaHHON BOJTHOM C IJIMHOM BOJHBI 650 HM. [laHHbIHA
pacueTr ObUI IPOBEJIEH aBTOPOM JIUCCEPTALIMUA METOJOM IUCKPETHO-TUMOIBHOTO MpU-
OJmkeHus ¢ nmomoislo nmporpamMmbl ADDA [129] (cM. Takke MHCTPYKIIUIO IO UCTIOIb30-
BaHUM nporpammel B [128]). [To gaHHOMY npUMepy XOpOIIO BUIEH OCHOBHOW MPUHIIUIL
OJHOKPATHOT'O paccesiHUsl CBETa MUKPOUYACTUIIAMU: YeM OOJIbllie XapaKTepHbI pa3mep
pacceuBaioniero 00beKTa Npu (PUKCUPOBAHHON JJIMHE BOJIHBI, TEM UHIMKATpUCA pacce-
siHUS O0Jiee BBITSIHYTA B MEPEJHIO MOTYIUIOCKOCTh M TEM MEHbIIe XapaKTepHBII yTrod
paccesiHusl B MaJible yIUibl. JJaHHBIA TPUHLIMIT CIIPaBeJIUB B TOM CJIy4dae, €CJIM MOKHO
npeHeOpeyb MOIJIONIEHUEM CBeTa. 3aMETUM, UTO MPU PACCMOTPEHUH UHAUKATPUC pac-
CesiHUSI OT MUKPOYACTHI] OOJbIIMX MO pa3Mepy, YeM JJIMHA BOJHBI U3JIyUeHUs, CBET
B OCHOBHOM PacCEMBAETCsl B MEPEIHION MOJNYIUIOCKOCTh. Tak, MHTEHCUBHOCTh pacce-
sHHOTO Briepe] cBeta (0 = 0°) ¢ aimHOI BosHBI 650 HM OT cepbl pa3MepoM 5 MKM
OTJIMYAeTCsl OT MHTEHCUBHOCTHU paccesiHHOro Hazaj ceeTa (f = 180°) uyTh MeHblIle,

yeM B 4 x 10° pa3 (cm. puc.7).

OnaHoKpaTHOe paccesiHHE CBETa HA SPUTPONMTAX U arperarax

SpUTPOLIUT B (PU3HOTIOTMUECKUX YCIOBUSX MPEACTABIsACT U3 ce0s1 ABOSIKOBOTHY-
TBI JMCK, TOJIIIMHA KOTOPOTO COCTaBISIET 2-3 MKM, quamMeTp — 6-8 MKM, 00beM —
90 i1, a IOk MOBEPXHOCTHU - OKOJIO 136 MM? [130]. ®usnonorudeckme YCJIOBUS

moaApasyMeEBaroT, 4TO 9PUTPOIUT HAXOOUTCA B ayTOHOFI/I‘{HOﬁ I1asmMe KpOBHU UJIA B pac-
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Puc. 7: Inpukartpucel paccessHus 1714 cpep pa3MepoM 5 MKM (UepHasi TuHUA) U 15 MKM (KpacHas JIMHUA).
JlnuHa BOJHBI Magaomero u3nydeHuss A = 650 HM. HIUKATPUCH BHIYMCIIEHBI METOAOM JUCKPETHO-
AUMONBHOTO NpuOImkenus B mporpamme ADDA [129].

TBOpE C 3HaYeHueM OCMOJISIpHOCTU ~ 280 — 300MOcm/kr. IIpu n3meHeHnn MOHHOM
KOHLICHTPALIMU CPEJIbl SPUTPOLIUT MPETEPIIEBAET U3MEHEHU S, CTAPAsICh OCMOTUYECKHU
YPAaBHOBECUTb KOHLIEHTPALIMIO COJIEW BHYTPH U CHAPYKU: B PACTBOPE C MAJIIM KOJINYE-
CTBOM COJIell SPUTPOIIUT 3aMOTHSIETCSI BOIOH 1 pruoOpeTaeT hopmy mapa (ceponura),
TOrJa Kak Npu U30bITKE COJIEH B pacTBOPE BOjAA BHIKAUMBAETCS U3 IPUTPOLUTA, U OH
MPUHUMAET MMNOBUAHYIO (popMy (axuHoumTa [131]) (cMm. puc.2).

OOBIYHO IPUTPOIUT [JIs1 YUCICHHOTO MOJAEJIMPOBAHUS 3a7a4 CBETOPACCESIHUS all-
MPOKCUMHUPYIOT Pa3IMYHBIMUA T€OMETPUUECKUMU (PUTYPaMH, KOTOpbIE BHIOMPAIOTCS UC-
X051 U3 IOCTABJIEHHBIX 3a/1a4 U TpeOyeMOil TOYHOCTH: 3TO MOXKET ObITh SKBUOObEMHAS
cepa, cepoust BpallieHusl, IBOSKOBOTHYThIN JAMCK, MJIABHBIA TBOSIKOBOTHYTHIN JTUCK,
oBasl Kaccunu u apyrue [114]. DpurpounrapHsle arperaTbl TaKXKe MOXKHO allpPOKCH-

MUPOBATH PA3JIMIYHBIMHA (bI/IpraMI/I. By)ICM paccCMaTpuBaTh IPUTPOLUTEI K UX aI'PETraThl
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B BUJIC JIIMIICOMIOB BpallleHUsl. DJIMIICOM JIJIs alllIPOKCUMAIIMN SPUTPOIUTA OyIeT
UMETH OCU JUTMHBI 6 MKM U 3 MKM.

Ha puc.8 npeacTaBieHbl MHAUKATPUCH pacCesiHUS 151 JJIMHBI BOJHBI A = 650 MKM)
OJMHOYHOTO SPUTPOIIMTA, OOJIbIIAsi OCh KOTOPOrO OPHUEHTUPOBAHA MEPIEeHIUKYISPHO
HaIpaBJICHUIO U3JIyYEHUIO, U arperaTa, COCTOSIIEro U3 5 3puTpouuToB. J{aHHbIA pacueT
OBUT IPOBEJICH aBTOPOM JUCCEPTAIIMM METOAOM JUCKPETHO-IUMOIBHOTO TIPHOJIVKEHU S
¢ nomoipio nporpammsel ADDA [129]. XapakTtepHble MUHUMYMbl 1 MaKCUMYMbl Ha
puc.8 oOyciosneHsl 3¢dekTamu uHTepdepeHId. 3aMeTUM, YTO OIMHOYHBIA SPUT-
POLIMT U SPUTPOLIUTAPHBIA arperat (cM. puc.80) pacceMBalT Majamiee HU3TyuyeHue
MPEUMYIIIECTBEHHO B M€peIHEE MOJYITPOCTPAHCTBO: OTHOIIIEHUE MAKCUMAJIbHOW UHTEH-
CUBHOCTH PacCEesIHHOTO BIEPE] U3JTyYeHUSI K MUHUMAaIbHOW (%) 111 OIMHOYHOT O
SPUTPOLIUTA COCTABIIAET MopsaKka ~ 107, Torga Kak A1 arperara u3 5 9puTpOLUTOB —
~ 10°. Y3 5TOro MOXHO CeJIaTh BBIBOJI, UTO YeM OOJIbIIIE pa3mep YacTHIIbI, TeM OOJIbIIIe
OTHOIIIEHHE UHTEHCUBHOCTH PACCESTHHOTO BIEPE/ CBeTa K MUHTEHCUBHOCTH PACCESTHHOTO

Ha3aJl CBCTa.

105 2

10% 3

10° 4

AnemeHT matpuubl Mionnepa S11, oTH.eq.
2
ul

3AnemeHT maTtpuubl Mionnepa S11, oTH.ea.

6]

10°° T T T T T T T T
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

©

10°° T T T T

Yron paccesiHus 0, rpag. Yron paccesiHua 6, rpag.

Puc. 8: naukaTtpucs! paccesiHus AJ1s OAMHOYHOIO SPUTPOLIUTA U arperara, COCTOSIIEro u3 5 3puTpo-
IIUTOB B JIBYX MOJIOKEHUSX: (2) OOJIbIIIasi OCh JUIAIICOM 1A TIEPIICHANKY/ISIPHA HANIPABJICHUIO ITy4JKa 1 (0)
napajuiesbHa myuka. [1ydok pacnpocTpansiercs o ocu z. [LnockocTs paccesiHus: yz. [JIMHa BOJTHBI Ma-
naoniero uznydeHuss A = 650 mxm. Ocu cpeporia BpalleHusl, alpOKCUMUPYIOIIETO OJUH IPUTPOIIUT
— 6 u 3 MkM. THAMKATpUCH BHIYUCIIEHB METOJOM JAUCKPETHO-AUIIONBHOTO MPUOIMKEHUS B IPOrpaMme
ADDA [129].

BaxxHO OTMETHUTH, YTO OT OpueHTaluu puTpouuTta [132], a Takxke oT ero gopmsl
[114] unaukaTpuca paccesiHusl UBMEHsIETCS. DTO BUJHO HA IPUMepe UHIUKATPUC pac-

CesIHUS SPUTPOLIUTA, PACCUUTAHHBIX JJIs CJTydast, KOria OoJbIiasi ero och COHaIpaBJieHa
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WJIM TIepIIeH UK YJISIpHA TTaJalolieMy Ha Hero u3inydeHuo (cM. puc.8a u puc.80).

Ha puc.9 npeacrtapiieHbl MHAMKATPUCHI PACCESHUSA, YCPEAHEHHBIE MO 3-€M yIjlaM
diiniepa (yCpeIHEHHbIE MHAUKATPUCH ITPU BPAILIEHWY PUTPOLIATA WM arperara). Bua-
HO, YTO IIPU CPABHEHUU MHAMKATPUC PACCEAHMUA OOUHOYHOIO SPUTPOLIMTA U arperara
U3 5 KJIETOK, paccesiHue MocjeHuM OobIlie 1Mo a0COMOTHOMY 3HAYEHUIO JIJIsl BCEeX YT-
70B. OJTHAKO €CJIA JOTIOJHUTENBHO PACCMOTPETh MHIMKATPUCY PACCESAHUSA OIUHOYHOTO
SPUTPOLIUTA, YMHOKEHHYIO Ha 5 (T.€., Ha KOJ-BO SPUTPOLMTOB B arperare), TO BUJHO,
YTO MHTEHCUBHOCThH PACCesTHHOrO Ha3zaj u3aydeHus Oopiie. [Ipu 3TOM OTHOIIIEHHE
MaKCUMAJIbHOM MHTEHCUBHOCTU PacCesiHUA K MUHUMAJIbHOM JJI arperatra COCTaBJISAET
nopsjka 4,3 x 10% a gna spurpoumra — 9 x 10°. Ha 3TOM npuMepe BUIHO, UYTO
yeM OOJIbIIIe pa3Mep YacTHIIbI, TeM OoJibille aOCOMIOTHOE 3HAUeHUE paccesiHUs BIepe],
1 OOJIbIlle OTHOINIEHWE MHTEHCUBHOCTH PACCESTHHOTO BIIEpe]l CBeTa K MHTEHCUBHOCTH
paccesiHHOTO Ha3ajl CBeTa.

B cTaTthsix mo OGosblliell YacTH paccMaTpUBAETCsl pacCesiHUe SPUTPOLUTAMU s
IJIMHBI BOJIHBI KpacHoro ceta (He-Ne nazep A = 632, 8am) [133], mockosibKy B 00JIb-
IIMHCTBE YCTAHOBOK MCHOJIB3YIOTCS KpPacHbIE JIa3ephl, T.K. 00JacTh YaCTOT, COOTBET-
CTBYIOII[asi KPACHOMY M MH(MPaKpACHOMY JMaIa30Hy MOIMAJaeT B OKHO MPO3PAaYHOCTH
remoryiobnHa (cM. puc. 14). BaxxHo mog4epKHYTh, UTO B TEPMUHAX pACCEsTHUS XapaKTep-
HbIE pa3Mepbl YaCTULIBI BCET/Ia HYKHO CPABHUBATh C AJIMHOW BOJIHBI U3JIy4YeHHUs. Takum
o0pa3oM, Mpy aHaJIM3e UHIUKATPUC paccesiHUs B 00IIeM cirydae yaoOHee MoIb30BaTh-
Csl pa3MEPHBIM MapaMETPOM p = QT”a, II€ a4 — XapaKTEepHbIA pa3Mep pacCerBAOIIEN
MUKPOYACTHUIIbI UM KJIETKU [114]. Takxe mpo 0IHOKpATHOE pacCesiHUE IPUTPOLIUTAMU

¥ arperaTamu nogpoOHee cM. B cTaThe [134].

MHorokpaTHoe paccessHie CBeTa Ha SPUTPONMTAX U X arperarax

Bce BBIBO/IBI U pe3y/IbTaThl, HOJTYUEHHBIE B TIPEIbIAYIIEM MyHKTE, ObLIN MOy YeHbI
[pY OJHOKPATHOM pacCesIHUM NaJaloIEero U3/1yYEHU s SPUTPOLIMTOM WA SPUTPOLIUTAP-
HBIM arperatoM. B npenmyIinecTBeHHOM OOJIBIIMHCTBE SKCIIEPUMEHTATBHBIX YCTAHOBOK
KJIETKaMHU PACCEMBAETCS HE TOJIbKO IMaJIalollee U3JIyYeHUe, HO U U3JIyYEeHUE, pacCesiH-
HOE OT APYTUX KJIETOK, IOCKOJIbKY TOJIIMHA U3MEPUTEJIbHBIX KIOBET B Pa3bl IPEBBIIIAET
XapaKTepHbIE pa3Mephl KIETOK. [JaHHbIA Ciydail COOTBETCTBYET MHOTOKPAaTHOMY pac-
cesHuIo ceera [ 114]. MHOrokpatHoe paccessHie MOXHO YMCJIEHHO MOJIEIMPOBATh METO-
JaMU, IPYBEICHHBIMU BbIIIIE (K IPUMEPY, METOIOM KOHEYHBIX PA3HOCTEN BO BPEMEHHOMN

oOnactu [135]), HO B OONBIIMHCTBE Cy4yaeB M3-3a OOJBIIOTO KOJINYECTBA PACCEUBAIO-
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Puc. 9: Ycpennennsie no 3-em yriam Diiiepa UHAUKATPUCH paccesiHus (1) 171 OAMHOYHOTO SPUTPOLIU-
Ta, (2) 1711 OAMHOYHOTO SPUTPOLUTA, YMHOXKEHHAs Ha 5, U (3) arperara, COCTOSILETO U3 5 SpUTPOLIUTOB.
ITydok pacnpocTpansiercs no ocu z. [lmockocTs paccesHusd: yz. JliMHa BOJHbBI MAJAIOLIETO U3IYYEHUS
A = 650 Mkm. Ocu cpeponsia BpaieHus1, almmpoKCUMHUPYIOIIETO OUH SpUTporuT — 6 u 3 Mkm. MHau-
KaTPHCHI BBIYMCIIEHBl METOJIOM JIMCKPETHO-AUIOIBLHOTO Mpuomkenus B nporpamve ADDA [129].

IMX KJIETOK MoJeaupoBaHue rnpoBoautcs metogoM Monte-Kapio [136, 137]. B atom
MeTojie OOBIYHO MPU MOJICJIMPOBAHMHM IaJIalolee M3JIydeHHe MpeCTaBIISeTCsS B BUIC
MHOXECTBa TaplUaIbHBIX JIydel, pacceuBalommxcs (a Takke ¢ HeOOJBbIION BEpOsT-
HOCTBIO TIOTJIOIIAIOIINXCS) Ha IPUTPOLIUMTAX U MX arperatax. Kaxaplid iyd ¢ KaKoW-TO
BEPOSITHOCTBIO PACCEMBAETCS HA SPUTPOLIMTE WA SPUTPOLIUTAPHOM CTPYKTYPE B pa3HbIe

YIJIBL BepOHTHOCTB paccedaHuAd OT yrjia 3aJI0KCHA B (I)EBOBOIU/I (pYHKHHH f (HOpMHpOBaH—
2w

HOW MHIMKaTpuce paccesHus (s 2D: f f(0)do = 1; nnst 3D: f f(Q)dQ = 1)) aroii
0 47
YaCTHIIBI, KOTOpas ObljIa IOJyuyeHa OTHAM W3 YHCJECHHBIX METOJO0B panee [114].

B xnure [114] 6pu10 Mcclie0OBaHO BIMSHUE KOJTMUYECTBA CJI0EB (CHavYaja u3IyueHue
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paccenBacTCA Ha NEPBOM CJIOE KJIETOK; Ha BTOPOM CJIOE pacCeUBAETCs U3HAYAIbHOE
V3JIyYEHHUE U PACCESHHOE Ha NIEPBOM CJIOE U T.J.) HEArpernpoBaHHBIX SPUTPOLMTOB Ha
VHAUKATPUCY paccessHrs. AHaIU3 MPOBOAWICA U1l B3BeCH C(PEpOUAOB, MOACIUPYIO-
IIMX OJMHOYHBIE 3pUTPOLUTHI (cM. puc.10). BunHo, 4TO ¢ yBeNIMUEHHEM KOIMYECTBA
CJIOEB YBEJIMUYMBAETCS UHTErpajibHasd MHTEHCUBHOCTb PACCEAHHOIO Ha3aj U3JIy4YeHU.
Take BUIHO, YTO CBETOPACCESHUE B MAJIbIe YIVIBl MOHOTOHHO YMEHBILIAETCS C YBEJIU-
YEeHUEM KOJIMYECTBa c10eB. [Ipy OMHOKpAaTHOM paccessHuM U3/1yUYEHUs Ha [IEPBOM CJIoe
IIOYTH BCE U3JIyYEHHE PACCEUBAECTCS BO BTOPOM cioi. OJHAKO HA BTOPOW CJION MagaeT
YK€ HEKOJUIMMUPOBAHHBIN y4OK, NPEACTABIAIOIINI CMECH PACCESAHHOIO U U3HAYAIb-
HOro u3tyyeHus. [loaTomy 10151 paccestHHOrO Ha3ajl U3JyueHUsi OT BTOPOTo cJiosi OyaeT
OoJIbIlIe, YeM 17151 IEPBOTO CJIOSL.

Takum o6pa3zom, yem OoJibllie CJIOEB KJIETOK, TeM OOJbllle MHTerpajibHas MHTEH-
CUBHOCTb PACCEAHHOIO Ha3aJ CBETA: BUJHO, YTO YBEJIMYEHME KOJIMYECTBA CJIOEB BABOE
IPUBOJNT K YBEJIMYEHUIO MHTETPAIbHOW MHTEHCUBHOCTHM paccesHus Haszal B 4 pasa.
Takxke ciaenyeT OTMETUTD, UTO YUeT 64-X CJI0eB B IPUBEAEHHONU MOJIESIM COOTBETCTBYET
NpUOIN3UTENFHO MAJUIMMETPOBOMY CJIOK0 CYCTIEH3UU SPUTPOLIMTOB IMPHU MX KOHIIEHTpPa-

uuu (remarokpure) B pactsope 30% [114].

10° .
1 CION
=g 10 2 crnos
|'_° D 4 cnoqA
Q i 0 8 cnoes
5 C{ 108 — 16 Crl0eB
5 % e 32 CJ1087
% % 10-4 /\ _:
= :
= § 10°
a 10
0 30 60 90 120 150 180

Yron pacceAHunA, rpan.

Puc. 10: VaaukaTpucsl MHOTOKPaTHOTO paccesiHUsl CBETa B3BECHIO IPUTPOLIUTOB, MOJEIMPYEMBIX K-
BUOOBEMHBIMH C(pepamu, /JIsi pa3HOTO KOJIMYECTBA CJIOEB pacceuBaoIuXx KJaeTok (oT 1 go 32 cioes).
PaspeiBel B paiione 90°cBsi3aHbl ¢ reomeTpriei MmoaeupoBanus. [Tepepadorano usz [114].
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1.6.3 Jla3epHas SKTaNUTOMETPUSA

DPUTPOLUTH UMEIOT CIIOCOOHOCTh 0OpaTUMO JePOPMUPOBATLCS MOJ IEHCTBUEM
COBUTOBBIX HarpsikeHuid. JlepopMupyeMoCTb SpUTPOLIUTOB CUJIBHO BIIMSET HAa UX CIIO-
COOHOCTb IPOXOAUTD Yepe3 Kanwuispsl [4]. s uzmepenus aeopMUpPyEMOCTH SPUT-
POLIMTOB MPUMEHSIOT, B YaCTHOCTH, METOJ, JIA3EPHOU SKTALIMTOMETPUM, OCHOBAHHBIA Ha
a”Hanmm3e audpakMoHHON KapTuHbel @payHrodepa OT CHIBHO pa30aBIeHHON CyCIeH-
3UM SPUTPOLIUTOB, ABHKYLIMXCSA B CIABUTOBOM IOTOKE, IPU UX OCBEUIEHUM JIA3€PHBIM
nydkoM [138]. Uctopuuecku BriepBbie JaHHBII MeTOA ObLT NMPEIJIOKEH U UCTIOIb30BaH
B pabote M. Bessis u N. Mohandas B cepeaune 1970-xx romax [139]. Ilpu ynaune-
HUM SPUTPOLIMTOB B OJHOM HAIIPABJIEHUM, IA(PPAKIIMOHHAS KAPTHUHA BHITATUBACTCS B
nepreHInKyasspHoM. Takum 06pa3om, MOKXHO MOJTyYUTh XapaKTEPUCTUKY CIIOCOOHOCTH

KJIETOK K IICCI)OpMaLII/II/I B 3aBUCMMOCTHU OT CABUT'OBBIX HaHpH)KCHI/Iﬁ.

1.6.4 TypOougumeTpus AJsi HCcJae0BaHUs (PYHKIIUHA TPOMOOIMTOB

Typounumerpusi (MHOT/IAa €€ HA3bIBAIOT JIA3EPHOU arperoMeTrpueil TpoOMOOIMTOB)
B €e COBpeMEeHHOM Buje Obula BrepBbie onvcaHa bopuom [140, 141] u He3aBUCHMO
O’Bbpaiienom [142] B 1962 rogy. OCHOBHO# MPUHIUN TYPOUAMMETPUNA OCHOBAH Ha pe-
TMCTPALMY KOJUIMMUPOBAHHOTO MPOITYCKAHHUSI CBETA Yepe3 MePEMENIMBAEMYI0 MYTHYIO
cycnieH3uio TpomMOoruToB. [IprcyTcTBUE MX BO B3BECH MPUBOAMT K TOMY, YTO CBET
pacceuBaeTCsl KJIeTKaMH TaKUM 0Opa3oM, YTO MEHbIIIAsl YacTh CBETa MPOXOIUT uepe3
CYyCIIeH3HI0 TpOMOOIIUTOB Oe3 akTa paccessHus. [Ipu nodasnenuu uaaykropa AT oOpa-
3YI0TCSI TPOMOOIIMTAPHBIE arperarhl, B pe3y/IbTaTe Yero KOJIMYeCTBO PacCesTHHOTO CBeTa
yYMEHbIIIaeTCs1 IO TeX MOop, OKa OH He OyJeT MPOXOAUTD Yepe3 CYCIEH3UI0 TPOMOOITUTOB
MpaKTUYECKH OecnpensTCTBeHHO (cM. puc.11). Tem caMbiM, KOJTMUECTBO MPOITYIIIEHHO-
IO CBeTa SIBJISIETCSI MEPOIi ONTHUUECKON TNIOTHOCTHU CYCIIEH3UM TPOMOOITUTOB, U 110 Mepe
AT onTuueckasi INIOTHOCTb OyIE€T YMEHbIIIAeTCSl.

JlaHHBI METO/T HE MOXKET MCII0JIb30BATLCS /ISl ©U3BMEPEHMU S arperaii TPOMOOIIUTOB
B 1IEJIbHOM KPOBH, ITOCKOJIbKY MTPUCYTCTBUE SPUTPOLIMTOB MIPEHATCTBYET MPOXOKICHHUIO
CBeTa uepe3 cpejy C TPOMOOLIMTAMH.

Wcnonb3ys paznuynbie UHAYKTOpbl AT npu ux 100aB/ieHUH B pa3JUYHbIX KOHIIEH-
TpalusiX B cpefly ¢ TpOMOOIUTaMU, IO 3aBUCUMOCTH KPUBOW ONTUYECKOHN IJIOTHOCTH
OT BPEMEHH, MOKHO BBISIBUTH crieliprueckue AedeKTsl B myTsx aktuauuu U AT. Ya-

IIe BCEro MCIOJIL3YIOT cliefylomue nHAYKTopsl AT: agpenanus, ageHo3uHaudgocdar
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Puc. 11: Cxema TUNUYHO# arperaTorpaMMbl, Ha KOTOPOI 0TOOpakeHa 3aBUCUMOCTh ONTHYECKOM IJI0T-
HOCTH IJ1a3MBbI C TPOMOOIIUTaMU OT BpeMeHU Tpu 1odaBienuu unaykropa AT. OboramieHHas TpoMOOLI-
tamu r1a3ma (OTII) umeeT OTHOCUTENBHO BBICOKYIO ONTHYECKYI0 TIOTHOCTD (OI1), uTo npuHumaeTcs 3a
0% AT. ITocne no6aenenust uaaykropa AT (cuHsS cTpesika) TPOMOOITUTHI arPErupyoT, MO3BOJISIS OOJTb-
IeMy KOJIMYECTBY CBETa MPOXOIUTHh Yepe3 CYCIEH3UI0 TPOMOOIMTOB, YTO MPUBOIUT K YMEHBIIICHHUIO
ONTUYECKOH TIOTHOCTH. bearas rpomoOormTamu tiasma (BTIT) mveeT onTHYECKyio IJIOTHOCTh, SKBUBA-
neHtHyo 100% arperanuu. YBemmaenue OIT rociie 1o06aBiieHHs] HHIYKTOpa 0O0YCIIOBIEHO U3MEHEHUEM
(opmBI TPOMOOITUTOB.

(A®), konnareH, apaxuI0HOBYIO KMCJIOTY, PUCTOLETHH U Ap. [143].

B pannux uccnenoBanusix AT uzmepsiiu 1o abCcoMOTHONR ONTUYECKOHN MIOTHOCTH,
OJJHAKO Yallle BCEero pe3yJbTaThl TYpPOUANMETPUUYECKUX arperoMeTpOB BhIPAXKAIOTCS B
NpoIeHTax. TO JOCTUraeTCs MyTeM KaJMOPOBKY arperoMerpa TakuM o0pa3oM, YToObI
OITUYECKAas TNIOTHOCTh OOOTallleHHON TPOMOOLIUTAMM IJ1a3Mbl 10 100aBJICHUS] UHAYK-
Topa AT cootBeTcTBOBana 0% arperaiuu, a oNTUYecKast INIOTHOCTH B cpefie 0e3 TpOM-
ootutoB — 100% AT (cm. puc.11)).

[Tpo mMeTon TypounumeTpun s uccaenoBanusi AT 6onee moapoOHO cMOTpU B 00-

3ope [143], a Takxke B [144].
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1.6.5 Onruuyeckum 3axBar

PuznuecKuil NPUHIUN ONTHYECKOT0 3aXBaTa

B 1970-om romy Bo BpeMs cBoeit Hay4yHO# paboThl B tadopatopuu bemn (CIHA)
ApTypoM AILIKMHBIM BIIEpBbIe ObLT MPOIEMOHCTPUPOBAH U 00bsICHEH 3(PDeKT onTuye-
CKOT'O 3aXBaTa Ha MPUMEPE TUINEKTPUUYECKUX JIATEKCHBIX c(pep MUKPOHHOTO pa3mepa
[145]. B manbHetiem Obljla peaJu30BaHa BOZMOXHOCTh ONTHYECKOH JIGBUTAIIUN adPO-
30J1bHBIX YacTul [ 146], 3axBaTa OTAENBHBIX ATOMOB C JAJIbHEUIINUM UX OXJIAXJICHUEM B
onTuueckoi JoBymike [ 147], 6buia npegnoxena yctaHoBka JII qyis ynepikanus AusJiek-
TPUUYECKUX MUKPOYACTUIL B 3aJJaHHON 00JIaCTH MPOCTPAHCTBA C IPUMEHEHUEM OJTHOTO
na3epHoro nmyuka [148] u, uto camoe BakHOE B KOHTEKCTE JaHHOM paboThl, peain30BaH
3aXBaT 1 MAHWMYJIUPOBAHKE OTJICJIbHBIMU KUBBIMU KJeTKamu ¢ riomonipio JIIT [149].
WwmenHo 3a 310 oTkpbiTue B 2018 rogy ApTyp AIIKMH cTajl JlaypeaToM HOOeJIeBCKOi
npemMuu 1o usnke ¢ GOpMYyIMPOBKON: "3a uzobpemenue onmuueckozo nuHyema u
ux npumererue ¢ ouonozuueckux cucmemax". JIIT OTKPHIIT MHOKECTBO BO3MOXKHOCTEN
ISl U3yUYeHUs] KUBBIX KJIETOK; O 9TOTO 3aXBaT M MaHUIYJIMPOBAHUE KJIETKAMU ObLT
BO3MOXEH TOJILKO OJiaroiapsi MEXaHMUECKOMY KOHTAKTY, KOTOPBIN CHMJIbHO BJIMSIET Ha
CBONCTBA KJIETOK. Tak Ha YpOBHE OIMHOYHBIX KJIETOK ¢ momouisio JIIT n3yvanuce criep-
Matoszouasl [150], xkrytukoBbie 6aktepuu [151], Bupycsl [152], kinetku kpoBu [153,
154] u maorue gpyrue [155].

Onrtuyeckast JOBYIIKA MPEACTaBIIsIeT COOOM JIa3epHbIi MyYOK, OCTPO C(POKYCHPO-
BaHHBII C TIOMOIIBI0 OOBEKTUBA C OOJBIIION YUCIOBOM amepTypoil. B obiem ciyuae
Cuia, ACMCTBYONIAs HA YACTHUIly B N0Jie CPOKYCUPOBAHHOIO JIA3€PHOTO ITy4Ka, UMEET
ABE COCTABJISIIONINE: MPOAOJIBbHYIO CUITY (HAIPABJIEHHYIO IO BEKTOPY PaclpOCTPaHEHUs
My4yKa) U MOMNePeyuHyI0 CUJIbl (HAITpaBJIeHHYIO BOJb I'PaIMEHTa UHTEHCUBHOCTH CBETA B
nyuke). Ilepyo cuity HasbiBawT «PaccenBaroieil Cunon» (Fpacc), BTOpyto «I'paauent-
HOI croin» (Frpan)-

OnTuyeckuii 3aXBaT BO3MOXEH [JI1 OOBEKTOB pa3HbIX Pa3MEpoOB: OT aTOMOB [0
YacTHll, JUaMeTP KOTOPBIX JIEKUT B MpeJiesiaX HECKOIbKUX JECATKOB WM J1ake COTEH
MUKpOMeTpoB [155]. B 3aBUCHMMOCTH OT XapaKTEpPHOTo pa3Mepa OOBbEKTa ¢ W JJTUHBI
BOJIHBI M3JTYUCHHS A BBIJCIISAIOT HECKOJIBKO pexkuMoB padoTsl JII1. PaccmoTpum pasHble
pexumsbl padoThl JIIT: pexum «Panes» (a < A), pexum «Mu» (a > \) 1 HEMHOTO
MOTOBOPUM IIPO MPOMEKYTOUYHBII pekuM (a == \).

3ameTuM, YTO B JajibHEMIIIeM B KAueCTBE 3aXBaThIBAEMbIX MUKPOYACTHUIl OYAyT

paccMaTpuBaTbCA OUIJICKTPUKU, ITOCKOJIBKY (1)I/I3I/IKa 3axBaTda MECTAJNIMYCCKUX YaCTHIL]
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HEMHOTO oTyinyaetrcs [156] oT pacCMOTpPEHHOM HUkKE U BBIXOAUT 32 PaMKH JaHHOM pa-
60ThI. )11 ONTUYECKOT0 3aXBaTa UCTIOIB3YETCs OTHOMO/IOBOE U3TyUeHHe, OOBIYHO 3TO
rayccoBa moja 1'FE My, OCKONbKY (POKYCHPOBKA JIA3€pPHOIO My4YKa ¢ MUHUMAJIbHBIM
auaMmeTpom odecrieunBaeT 3(pdexTrBHbIA 3axBat. Jlazepubie nyuku ¢ T'E My, umm 60-
Jiee BBICOKMMU Mofamu [155], u 6eccenieBbl ydku [ 157] Takke MIMPOKO UCTIONB3YIOTCS
B Pa3HbIX KOH(UTYpAIUsAX SKCIIEPUMEHTOB. B nasipHeiieM ontuyeckuii 3axsat OyaeT

PACCMOTPEH TOJIBKO C UCHIOJIb30BaHUEM MoAbl 1" F M.

Pe:xxnm «Pajtess» a << A

PexuM «P3jes» COOTBETCTBYET ONTUYECKOMY 3aXBaTy YACTHII, XaPAKTEPHBIA pas-
Mep a KOTOPI)IX MHOI'O MEHBIIIEC OJIMHBI BOJIHBI I/I3queHI/IH )\ HOCKOHBKY 3aXBdThbIBacMasd
qacTua JUJICKTPHUK, OHA MOXCT 6bITB pPacCMOTpPEHA, KaK OUITOJIb. HOBeI[eHI/Ie OUITOJIA

B JIEKTPOMArHUTHOM MoJjie onuckiBaeTcsl JlopeHieBckoi cuiioit [158]:

x B, (1.12)

SIS

Fy=(p-V)E +

e ) — IUNOJIbHBIA MOMEHT pacCMaTPUBAEMOI YaCTHIIBI, SJIEK TPUUECKOE ITOJIe E asna-
eTCs CYNEepPHo3UIMEN MOJAIIETO U PACCESIHHOTO TOJIS: E = Ei + E: (¢ — ot incident,
a s — scattering).

s cheprueckoit YaCTUIbl paiuycoM a € KO(pPUIIMEHTOM MPETOMIICHUS Myacr,
HaXOJALLMIACSA B cpeie ¢ KOI(PDULIMEHTOM IIPETOMIEHUS Nepeny, «PACCEUBAIOIIAA CUIIA»

TNepenpt P

B HaIlpaBJICHUH TAJIAI0IIETo MyYKa ¢ JUIMHOUW BOJHHI A OyIeT paBHa Frace = , TIe

P acc — 9TO MOIIIHOCTDB PpaCCEAHHOI'O U3J1 yeHusl. B TepMrMHaxX MHTEHCUBHOCTH JIa3€PHOT'O
p
ITy4Ka IO N OTHOCHUTCJIbHOI'O ITOKA3aTCJIA IMPCIOMJIICHUA 1T = Leucr, «paccenBaroniad

Nepenst

CUJIa» BhIpaxaeTcs clieayoonmm odpasom [148]:

— 128W5a6ncpeﬂm <m2 - 1>210€11 (113)

acc —
P 3\dc m2 -+ 2
I7ie €] — BeKTOp, COHAIPABJICHHBI C HalIPaBJICHUEM PaCIPOCTPAHEHHUSI My UKa.

<<rpaIlI/IeHTHa$I CIa» UMCCT IIOXO0KCC BbIPAKCHUC!

3.3 2
~ 2T A N pe s (m —1

Fra -
pﬂ m2_2

)vg. (1.14)

C

Il Toro, 4ToOBI YacTHIla 3aXBaThIBAJIaCh B ONTUUYECKYIO JIOBYIIKY, HEOOXOIUMO,

YTOOBI «TpaJUEHTHAS CHJIa» YUCJICHHO Obli1a OOJIbIIIE «PacCEUBAIOIICH CHJIBI», T.€. YTOOBI
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Fl‘ (%)
R = £ > 1. Jlng rayccoBa Iyuka ¢ NEPETAKKOM wy MOKHO MOTYIUTh CIIETYIOIIEe
pacc

BbIpaxeHue [148]:

2 5

F rpag 3\/§ ncpemﬂ A
o 5 m2—1 ,3,,,2
Foace 647 s W

R= > 1. (1.15)

2

U3 ¢popmyei (1.15) BUAHO, 4TO pazMep MepeTsiKKU CYIIECTBEHHBIM 0Opa30M BIIMSsIET
Ha cwly 3axBata. [Ipudyem, yeM MeHbIlle TEpeTsiKKa, TeM Oojiee CTaOWIbHBIM OyaeT
ONTUYECKUI 3axBaT. Takke BaXXHO 3aMETUTb, YTO ONTHYECKUI 3aXBaT C MOMOIIBIO
["ayccoBa ry4ka BO3MOXEH TOJIBKO JJIs1 YACTUL, Y KOTOPBIX OTHOCUTEJIbHBIN MTOKA3aTEIb

npesiomsieHus oospie 1 (m > 1).

Pacnpenenexune
WHTEHCUBHOCTHU

Puc. 12: Cxema, nosicusiioniass PaneeBckuii pe:xxum 3axBaTa 4acTHIl, pa3Mep KOTOPBIX MHOTO MEHbIIIe
JUTMHHBI BOJIHBI (0 << \), B ONTHYECKON JIOBYIIIKE.

Pexum «<Mm» a >> \

Pexxum «Mu» COOTBETCTBYET ONITUYECKOMY 3aXBaTy YACTHUII, XapaKTEPHBIA pazMep
@ KOTOPBIX MHOTO OOJIbllle JJIMHBI BOJHBI M3aydeHus A. [Ipu maHHOM pexume yarie
BCEro MCMOb3YIOT MPUOTMKEHNE TeOMETPUIECKOM OINTHUKH, paccMaTpuBas chOKYCH-
POBaHHBII My4YOK, KaK CYMMY MaplUaIbHBIX JIy4el, Kaxablii U3 KOTOPbIX MPEOMIIS-
ercs Ha vactuue [159]. Tem cambim cwia 3axBara, KOTOpasi AEHCTBYET HA YacTHUILY
B HamnpaBJICHUWU LIEHTPA MEPETSKKM BO3HUKAET U3-32 TOrO, YTO JIyUU MPEJTOMIISIOTCS
Ha YacTulle, W, €CJIi MpeHeOpeyb MOIJIomeHeM, N3MEHSETCS TOJIbKO HalpaBJieHUue UX
pactipoctpanenus (puc.13). DTo BiedeT 3a cOO0 M3MEHEHUSI UMITYJIbCA, KOTOPHIA B
CBOIO ouepe/ib nepenaercs 3axBaTeiBaeMoi yactuie. CymMmapHas cuia, AeicTByolas

Ha 4YacTULy, UMEET [IBE€ COCTABJISAIOIINE: CUJy, HAIPABJICHHYIO 110 PaclpOCTPAHEHUIO
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SHEPruu B JIA3€PHOM IYUKe, U CUJy, HAlPpaBJEHHYIO 10 TPaAUEeHTy HamnpskKEHHOCTU
OJIs B 9TOM Iyuke. BaskHO 3aMeTUTh, UTO /1JIs1 ONTUYECKOr0 3aXBaTa B JaHHOU KOH(pU-
rypauuu (puc.13) Heo6X0aMMO, YTOOBl OTHOCUTENBHBIN KO(PDUIIMEHT MpeTOMIICHHS
yacTULbl ObUT m > 1 [145].

AHanMTUYeCKOe BBIPAKEHUE Il CUJIbl 3aXBaTa MOJydaeTcsl MPU PacCMOTPEHUU
cepuyeckoil mpo3payHoi YacTUllbl B 0071acTh C(POKYCUPOBAHHOTO JIA3EPHOTO MyUKa.
OnTuyeckue CUibl, NEHCTBYIOIIME HA YaCTHUILy, MOTYT OBITh TOJYYEHBI C WCIOJb30-
BaHHWEM Teopur MU, B KOTOpPOl pacCMaTpyBAETCs TOUYHOE AHAIMTUYECKOE PEIIECHUE
ypaBHeHuil MakcBesuia JJis paccesiHusl cBeTa Ha cgepuueckoii yactuiie [114].

Ecnu cpepuueckas yactuia HaxoquTcs OJIM3KO K (POKYCY, 3aaHO pacIipeieieHre

X,y X,y
M’ w
z z

X,y
TEM,,
Z
| | Y
B

a O UeHTp hokyca 6
* LIeHTp cchepsbl

Puc. 13: Cxema, nosicusionias pexum Mu 3axBata chepuyeckoil YacTHIIbI, pa3Mep KOTOPOW MHOTO
OoJtbllie UIMHHBI BOJHBL (@ >> \), B ONTHYECKYIO JoBYIIKY. CieBa: ['ayccoB My4oK MpOXOIWT depe3
YacTHUIly; Ha YaCTUILy AEWCTBYET CUJa, HallpaBJieHHas K HeHTpy myuka. CripaBa: [ayccoB myuok ¢okycu-
pyeTcsi IMH30i 00bEKTHBA C BBICOKO# YUCIIOBO# allepTypoii; Ha YaCTHILy JEWCTBYET CHUJIa, HATlpaBJICHHASI
K MepeTsiKKe My4yKka. B AByX ciyyasix pacCMOTpPEHBI [1Ba MapIMaIbHBIX Jyua «Iyd 1» U «J1yu 2», mpe-
JIOMJISIIOUIUXCS HAa YaCTUIIE.

napIiUagIbHBIX JTy4eil, coonpamoiuxcs B OKyce JIMH3bI, TO CUIIBL, JefCTBYIOIIME Ha ce-
PUYECKYIO YaCTHULly CO CTOPOHBI OAHOTO NMAapLUAIbHOIO JIy4a, ONTUYECKOW MOIIHOCTBIO

P, Boipaxatorcs yepe3 koapuuneHTs Ppenens [159]:
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Nepen T?[cos(20 — 2¢) + R cos(26)]
FZ:FpaCC:%{l—i—RCOS(QQ)— T+ 2 5 2R cos(20) }, e
Nepens P _ T?[sin(20 — 2¢) + Rsin(26)] '
F.=F = _CPeAB” 20) —
' pat c {Rsm( 2 1+ R? + 2R cos(2¢) } ’

e 0 ¥ ¢ — yIiIbl NaJeHUA U OTPAKEHUS, Nepey — NOKA3ATENb IPEJOMIEHUA CPEbI, [T

u I' — ®peneneBckre KOIPPUIMEHTH OTPAXKEHUS U ITPOITYCKAHUS.
\ \ \

I4 I4 4
TeMm cambIM nomydaem CUy Finyy = Fpace + Frpag, AEHCTBYIOIIYIO Ha CHEPUYECKYIO
YaCTHUILy OT OJIHOTO MapIUaJIbHOTO Jydya. YTOOBI MOMYUUTh MOJHYIO CUITY, IEHCTBYIO-

IYI0 HA YaCTUILYy CO CTOPOHBI ITy4YKa, CJIeIyeT IPOCYMMUPOBATh BCE CUJIBI OT paccmar-
N

pUBaeMBIX MAPILUATIBHBIX Jyudelt (Fy, = ) Fj;yq). 3aMeTuM, 4TO CHJIa 3aXBaTa JOJIKHA
i=1
3aBUCETh OT MOJIAPU3ALMM MAJAIIIETO U3JIyYeHU s, IOCKOJIbKY KO3 puimeHTol 2 u 1’

B ypaBHeHuH (1.16) 3aBucCAT OT HEE.
B o6miem ciydae aJist 4aCTHUIBI POU3BOJIBHON (DOPMBI CHITy ONTHYECKOTO 3aXBaTa
MOKHO TIPEJCTaBUTh B ciaeayoieM Buae [159]:
ncpem)lp

F = QT, (1.17)

rae P — MonHoCTh C(pOKYCHPOBAHHOTO MyYKa, () — Oe3pa3MepHbIil KO3 duieHT 3¢-
(pexTMBHOCTH 3aXBaTa, 3aBUCAIIMI OT (POPMBI U KOI(P(PULIMEHTA NPETOMIICHUS YaCTH-
1Ibl, C — CKOPOCTb CBETA B BaKyyMe.

Nepenpr P

Beipaxenue COOTBETCTBYET MMIIYJIbCY IyuKa, MaJalollieMy Ha 4acTULy 3a
earHUIly BpeMeHu. Tem cambiM, B ypaBHeHuu (1.17) mapamerp () < 2, npudem () = 2
COOTBETCTBYET 3€pKaJly, paCIoIOKEHHOMY MEPIEHAMK YJISIPHO NaJaloleMy ydKy (ove-
BUJ/IHO, YTO ONTHYECKOrO 3aXBaTa B 3TOM cilyyae He OyaeT). 3ameTuM, uTo () MOXKHO
Ha3biBaTh K03 pUlreHToM 3pPEeKTUBHOCTH 3aXBaTa TOJIbKO, €CJIU BbIITIOJHEHBI BhIIIIE-
[IEPEYNCIIEHHBIE YCJIOBUSA 3aXBaTa, MHAY€E JaHHBIA KO3((PULIUEHT (KaK B cllydyae 3epKa-
Jla) npeBpamaercs B Ko3ppuuueHT 3PPEeKTUBHOCTU NEPEAAYA UMITYJIbCA. 3AMETUM,
YTO KaK U B cllyyae pexxuma «Panes» [jisi oNTHYeCKOro 3axBata HEOOXOIUMO, YTOObI
rpajieHTHas1 cujia Obula OOJIbILE 10 MOAYJIIO, YEM pacCerBaloOIasl.

ABTOp IuccepTanuy Hanvcal nporpammy Ha Python, koTopas no3sosser cumynu-
POBaTh IBUKEHUE C(DEPUYECKOM YACTHIIBI B ITOJIE ONITUYECKOU JIOBYIIIKH, MOJICJIAPYEMOW

CYyMMOW NOPLUAIbHBIX JTy4Yel, a TAKKE PACCUMTHIBATH CUJIBI ONITUYECKOT 0 3axBaTa [160].
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I[IpomMe:KyTOUHBIN PeKUM o ~= \

Takske MOXHO BBIJIEJIMTh TPOMEKYTOUHBIN pexxuM padoTsl JITT, mpu koTopom pa3zme-
Pbl YACTULIBL @ COTIOCTABUMBI C IJTMHON BOJIHBI A. AHAJIMTUYECKOE BbIpAKEHUE 1J1s1 CUJIbI
3axBaTa B 9TOM CJIy4ae MOXHO IOy YUTh TOJIBKO [J1s1 C(PEPUUECKUX YACTHUL, IOCKOJIbKY
Tteopusi «Mu» O paccessHUM U3JIy4YeHUs1 C(PeprUUeCKUMHU YacTUllaMU NPUMEHMMa TpU
MOOOM COOTHOIIEHUM pa3Mepa YacTHUIIbl U JJTUHBI BOJIHBI (HE MyTaTh Teopuio «Mwu»
pexumoM «Mwu») [114].

B o01ieM ciyuae 3aXBaThlBa€MyI0 YaCTUILY MOKHO MPEACTABUTb, KAK COBOKYITHOCTD
CBSI3aHHBIX JIUIOJIEN, KAX/bIl U3 KOTOPBIX HAXOJUTCS B MOJIe C(POKYCUPOBAHHOTO MO-
HOXPOMATUYECKOr0 My4Ka U MOJIe U3JyUYeHHsl, pACCESTHHOTO IPYruMH aunossmu [158].
JMnonbHBIE MOMEHT p Majioro oobema V', KOTOPBIl HAXOAUTCS B JIOKAJILHOM 3JIEKTPH-
yeckoM mone F = EZ + Es (cynepnio3unids nagamiiero f; u paccestHHoro nosus Fy)
ornpejessieTcs cienyommm oopa3zom B cucteme CU:

p:80n2 Vakb, (1.18)

cpenbl

€ £ — WEKTPUUECKas NOCTOssHHAA (g = 8, 85 X nd/M); o — monsgpusyemocTs. Cornac-
HO dopmysie Knaysuca-Moccortt @ = 3 (m2 — 1) / (m2 + 2), e M = Nyaer/ Nepems
— OTHOCHUTEJIbHBII MOKa3aTeb MPEJIOMIIEHUS.
Cuna, neficTByIoIias Ha MaJiblii 00beM V' aurosneit, mocje ycpeJHeH!s paBHa:
eonZy. .V Re(a)

F, = —% I VE3(r), (1.19)

rae Fy — 3To aMImmMTyAa 3JeKTPUUYECKOTO MO MOHOXPOMATHUECKOTO JIa3epHOTO U3-
JIy4eHus.

DTa AUMOJIbHASI CHJIA MOKET ObITh OTOXKAECTBICHA C IIOTHOCTHIO cuitbl f = Fy/V,
Y TMOJIHAsl onThYecKas cuia Fy;, JEACTBYIONIAS HA YAaCTUILY MOJy4daeTCs B pe3y/ibTaTe
WHTETpUPOBaHMSA 110 BceMy o0beMy aurosieid. [TockosbKy JIokanbHoe mmose ' hakTrde-
CKM SIBJISIETCSI CYNEpIIO3ULIMed NBYX MOoJied, NaJaloniero U paccestHHOro, ONTUYECKYIo
CHJIy MOXHO Pa3JIe/IuTh Ha JBE YACTH: IPAJUEHTHYIO CUITY [ip, (KOTOpas 3aBUCUT OT
IpaJyeHTa MHTEHCUBHOCTH IaJAIOLIETO 110JIs) U PACCEUBAIOINYIO CUITY [y (KOTOpas B

OCHOBHOM OIIMCBIBACT paCCeﬂHI/IC/ HAaBJICHHUC CBeTa).
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Fom = / fay — Sepean Re() / VIE] dV +
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2 (1.20)

eon Re(a
4 [ cpen ( )/(V|Esl2+EiE;‘+EjEs> dv .
1%

4

\ . >4
~"

Fpacc

Tem cambiM, 3Has MoJie NaAaUIEro My4Ka, oJie BHYTPU YaCTHUIIbI U ITOKA3aTeb €&
NpeJIOMJIEHUS, a TaKKe MoKa3aTelb MIPEJIOMIIEHUS CPE/lbl, MOKHO BBIYUCIUTH ONTHUYE-
CKYIO CWJIY, IEMCTBYIOLIYIO HA YaCTULLy C MOMOIIBI0 YpaBHeHus 1.20. BaxkHO OTMETHUTD,
YTO MPU BCEX BBIICONUCAHHBIX CJIy4asX HE YUYUTHIBAJIOCH MOMIOIICHUE CBETA YacCTH-
LeH, MOCKOJIbKY OOBIUHO JIMHA BOJHBI U3JIy4YeHHUsI TOJOUPAETCSI, UCXO/Isl U3 MUHUMYyMa

IIOIJIOIMEHNA, O YEM 6YIL€T CKa3aHoO B CJICOAYIOIICM ITYHKTC.

Bo3aeiicTBie oNTHYECKOr0 3aXBaTa Ha YPUTPOIHTHI

JIIT mo3BoJIsseT 3aXBaThiBaTh M1 MAaHUMYJIMPOBATh XUBBIMU KJIeTKaMH Oe3 Mexa-
HUYECKOT0 KOHTAKTa C HUMH, OJHAKO TO HE 3HAYMUT, YTO HET HUKAKOTO BO3JEUCTBUS
ONTUYECKON JIOBYIIIKM Ha 3aXBaueHHble KJIeTKU. [Ipu m3yueHuwm KUBBIX KJIETOK Jia-
3epHbBIMM METOJaMHU JOJIKHBI MOAOUPATHCS TaKUe YCJIOBUS M MapaMeTphl U3ydeHus,
MPU KOTOPBIX HAa HUX OCYIIECTBISETCS MUHUMAaJIbHOE BO3jeicTBUe. TeraoBoil Harpes
SIBJISIETCSI OJJTHUM U3 OCHOBHBIX BO3JIEMCTBUIA ONTUYECKON JIOBYIIIKM Ha KUBbIE KJIETKU
[155]. YToOB MUHUMU3HPOBATH TETUIOBOE BO3ICHCTBIE BHIOMPAIOT TAKYIO IJIMHY BOJIHBI
U3JIy4YeHHs1 A\, TIPU KOTOPOM TMOMIOIIEHNe MUHUMAaJIbHO. BOJIBIIMHCTBO KUBBIX KJIETOK
¥ TKaHel MMeT MUHMMYM TOTJIONIeHM, Jexanmi B omkHem UK auamazone [27],
MOCKOJIbKY BOJIa, M3 KOTOPOW MO OOJIbIlleld YacTH COCTOSAT KHMBBIE OPraHU3MbI, UMe-
€T MHHAMYM TOTIJIONIEH!s B 3TOM obyacTu. YacTo B MTepaType BHIASIAIOT IUaIa30H
JUTAH BOJIH JIJIs1 ONITUYECKOT0 3aXBaTa (ONTUYECKON MPO3PAYHOCTH) JJI51 )KUBBIX KJIETOK:
790 ~ 1064 8Mm [161].

Jlanee B KauyecTBE KMBBIX KJIETOK pacCMOTpUM 3puTpouuThl. Ha puc.14 npusene-
Hbl CTHIEKTPbI MOMJIONIEHUSI OCHOBHBIX KOMIIOHEHTOB 3pUTporuTa. B CBs3M ¢ TeM, 4To
Ha JIOJII0 TeMOIIOOMHA B IIUTOIUIA3Me MPUXOAUTCS OKOJIo 95% cpean ocTaabHbIX Oel-
KOB, TO CIIEKTp TIOTJIOIICHHS TeMOIIOOMHA B OCHOBHOM ONpeIeIsieT TETIOBOM 3 deKT

OINTUYECKON JIOBYIIIKH.
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Puc. 14: CniekTpbl MOMIONIEHUsI TeMOIIOOMHA U OKCUTeMOIIo0uHa. JlaHHble Uit TOCTPOEHUS B3STHI C
OTKPBITOTO pecypca, B KOTOPOM OBbUIM YCpeIHEHBI JaHHbIE U3 Psi/ia CTaThel M ICTOYHUKOB 1T HAWJTY YIei
oleHKH [162].

W3 puc.14 BUIHO, YTO MUHUMYM CHIEKTpa MOTJIOHIEHUS TeMOTTIOOMHA JIEKUT B OJIHK-
HeMm MK mosTomMy /i 3aXBaTa 9pUTPOIIMTA YacTO BeIOMpaeTcs ayimHa BoiHbl Nd: YAG
nazepa A = 1064 M. Bbuto nmokazaHo, 4TO ISl AJIMHBI BOJIHBI JIA3€PHOTO M3J1y4eHUs
1064 am u montHOCcTH 30 MBT 1pu JIMTEILHOCTH ONTUYECKOTO 3axBata 15 MUH. HUKa-
KX BHEITHUX U3MEHEHUil B sputpouute He HabmogaeTcs [163]. Takxe OblJI0 MOKa3aHO
IJIS1 TOU K€ JIJTMHBI BOJIHBI, UTO Pa3jMuuie MEXKIy TeMIepaTypoil BHYTPU IPUTPOLIUTA
Y TEMIIEPATYPOi OKpYyIKalolIel cpeabl Ipu MOIIHOCTU u3iyyeHuss P = 100 MBt He
npesbimaet 7 ~ 12°C [164]. B cBsizu ¢ Tem, 4TO OOJNBIIMHCTBO SKCIEPUMEHTOB 10
3axBary spurpouuToB Ha JIII npoxoautr npu komHaTtHOM Temnepatype ~ 20°C u ux
JJIUTEBHOCTh OOBIYHO HE MPEBBIIIAET HECKOJIBKUX MHH., TO TeMIIEpaTypa SpUTPOIIUTA
B 9TOM CJly4ae He npeBbliaet pusnosnornyeckon (37 °C). BaxHO 3aMETUTD, YTO JaHHbIE
PE3YJIbTATHI CITPABEJIMBBI JJIs1 HEIPEPBIBHOTO PEXUMA JIa3zepa; A1l (PEMTOCEKYHIHOTO
Jla3epa 3TU OTHOIIeHU u3MeHATcs [165]. C moMomplo paMaHOBCKOW CIIEKTPOCKOITUU

OBLIO IMTOKA3aHO, YTO XapaKTCPHbLIC PAMAHOBCKHE ITUKU reMorI00MHa He UBMEHSIOTCS Ha
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MPOTsKeHUU 15 MUH. mpu MOITHOCTH Majarwiero usaydenus 20 MBT [166]. B cTaTbe
[167] roBopuTcs, 4TO HEOONbIIME U3MEHEHHs] B PAMAHOBCKHMX THMKaX MOTYT IPOSIB-
aATbes cnycTs 90 cekyH[ ocJie 3aXBaTa Aaxe IMPU MOLIHOCTH IMaJal0IIero U3J1yYeHUs
~ 5 MBT, Ipu4MHOIi Yero ciiyKUT AeHaTypaius reMorioorHa u popmupoBanue hoTo-
MPOAYKTa, YTO B KOHIIE KOHIIOB MPUBOJUT K arperaiuy reMorioorHa BHyTPU KJIETKU.
Onruueckuii 3aXBaT Takxke BiMseT Ha popmy kietku [124]. ITpuyem npu 3axBare
SPUTPOILIUTA B ONITUYECKYIO JIOBYIIIKY OH pa3BopaurBaeTcsi 00koM [ 168], kak uzoopaxe-
HO Ha puc.15a, u npuHUMaeT rpyueBuaHyIo gopmy (puc.150). OnTudeckas JOBYIIKa
HAXOAUTCS B 00J1aCTU OOJIBIIIEr0 MOMEPEYHOro padmepa. 1o KoHIla HeMOHSITHO, KaK U3-
MeHsIeT CBOIO (DOPMY IPUTPOIIUT B ONTUUYECKOM JIOBYIIIKE: CKJIa/IbIBAETCSI €ro MeMOpaHa,
M3-3a Yero Mbl BUAUM TPyLIEBUAHYI0 (hOPMY, WM K€ YacThb reMOIJIOONHA MepeTeKaeT

U3 OJTHOM YaCTH KJIETKH B APYTYIO, YTO OOYCIIOBIEHO MSTKOCThIO MeMOpaHhI [ 169].

/” T1a3epHbIil ny4oK ) 4 3 — o6nacts saxsara N\

X

Q) AW Y,

Puc. 15: 3axBaT 3puTponuTa B ONTUYECKYIO JIOBYIIKY — (2) BUJ cOOKY U (0) Bua cBepxy. Onrudeckas
JIOBYIIIKA CXeMaTHYECKH M300pakeHa YePHBIM KPECTOM.

B uncieHHOM MOZIeIMPOBAaHUM IIPY 3aXBaTe SpuTpouuTa AByMs rnyukamu [ 170] Bun-
HO, YTO 3PUTPOLIAT HEMHOI'O CKJIAAbIBACTCA U Je(POPMUPYETCS TaK, YTO MECTA OKOJIO
MePeTsKKY JIA3epHOTO MyYKa «Ha0yxaiT». Ckopee Bcero, uaMeHeHue (hopMbl IpUTPo-
LIATA NIPYU €r0 3aXBaTE€ B OJIHY JIOBYIIKY COIPOBOXK/IAETCH ABYMS U3MEHEHUSIMU: SPUT-
POLIUT CKJIAABIBAETCS, U B TO K€ BpPEeMs 4YacTh reMOIioOMHa reperekaeT B 00JacTh
ONTUYECKOM JIOBYIIIKM 10 TEX IOP, MOKA CUJIBI CO CTOPOHBI ONITUYECKOM JIOBYILIKHU U CO
CTOPOHBI MEMOPaHbI HE YPaBHOBECST APYT Apyra. [JaHHbIA BONPOC pacCCMOTPEH aBTOPOM

auccepTrauuu B ctatbe [171].
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1.6.6 ITudpoBas KAMUILISAPOCKONNS

OpHMM 13 METOAOB MPUKU3HEHHOTO UCCIIEJOBAHUS MUKPOPEOJOTMYECKUX CBOMCTB
KPOBHU SIBJISIETCS LU(PPOBasT KAaNWJLUISIPOCKOIUS — METOJ ONTUYECKOW HEMHBA3WBHOMN
MUKPOCKOITUH, MO3BOJISIIOLIUI HETIOCPEACTBEHHO BU3YaIU3UPOBATh IOBEPXHOCTHBIE MUK-
POCOCYIbI KOXKH M OKPYKAIOLLYIO UX TKaHb in vivo [172, 173]. toT MeToa npuMeHseTcs
B KJIMHUYECKOU MPAKTHUKE 11 OEHKH COCTOSIHUS MUKPOLUUPKYJIATOPHOIO Pyciia, YTo
UMEET BaKHOE 3HAYeHHe JJIsl MarHOCTUKY U MOHUTOPHHIA Pa3/IMYHbIX 3a00/IeBaHuUi,
Bkouast Al, qmabetnueckyio anruonaruio u CC3. B 60bIIMHCTBE CiTy4aes, 1moj ooJia-
CTBIO U3MEPEHUN IM(PPOBOH KAITMJUIAPOCKOIINH ITOAPA3yMEBAETC AMOHMUXUM (HE Iy TaTh
C KYTHUKYJIOM) — 3TO Y4aCTOK KOXH, KOTOpasi HaXOJUTCS CBEPXY, BOKPYT HOI'TS (CM.
puc.16). DTo cBA3AHO C TEM, UYTO B AIAHHOI 00J1aCTH KAMMJUISPBI B OCJIEAHEM Psily pac-
TMOJIAral0TC S MApPaJUIeNIbHO KOXKE TaK, YTO UX MOKHO BU3YaIU3UPOBATh IO BCEM IJIMHE
[174].

Kanwuigpockonus no3BossieT NpOBOAUTh HEMHBA3UBHYIO KOJIMYECTBEHHYIO OLICHKY
CTaTUYECKUX U IMHAMUYECKUX MMapamMeTpOB MUKPOIUPKYJISIUU pU 00paboTKe n300-
paxeHui KanmwuisspoB [175]. OHa NO3BOMISAET KOJMYECTBEHHO OLEHUTh TAKKE BaXKHbIE
(pakTOpBI, KaK YypOBEHb OTEUHOCTH NMEPUBACKYISIPHBIX TKaHEH, pa3Mep MONEPEeYHOro
CEUYEeHM S KalUJUISIPOB, U3MEPUTb CKOPOCTh KAMMJUISIPHOIO KPOBOTOKA U BU3YAJIU3UPO-
BaThb SPUTPOLIMTAPHBIE arperarbl BHyTPU KaIllMJUISIPOB U OLIEHUTb UX KOJIUYECTBEHHO.
ITU MapaMeTpPsl ABJISAIOTCS KPUTUUECKU BAXHBIMU 11 OUEHKU MUKPOLMPKYJIATOPHBIX
HApyUICHWIA U MOTYT CJIyKUTh MapKepamu JJIsl paHHEHW IUarHOCTUKU U MTPOrHO3MPOBa-
HUS pa3BUTHUSI 3200JIeBaHUIA.

Yaiie Bcero MeTos KanuuIsIpOCKONUU KCTIONB3YIOT JJIsl JUArHOCTUKU CUHApPOMA
PeiiHO, 1 B MEHbIIIEH CTENEHN CUCTEMHOI'O CKJIEPO3a, IE€PMATOMUO3UTA, & TAKKE JAPY-
r'ux peBmMaTuueckux Oosnesneit [176, 177]. B 6oibMHCTBE UCCeAOBAHUI paccMaTpu-
BAIOTCSI MOP(OJIOrMUECKHUE NMapaMeTPbl KATMJUISIPOB: UX INIOTHOCTb, IMAMETP B pa3jiny-
HBIX oTAenax u ap. [178]. B uccnenosanuu [179] Oblna moka3zaHa KOppesAHsA MEXTy
napameTpamu, MOJTYYEHHBIMU C MTOMOILBIO KAMWIIAPOCKONA U CTENEHBIO CUCTEMHOIO
ckieposa. B pabdote [180] npeacraBnen 0630p cratheii o nzyuenuo CC3 ¢ moMoIpio
METOJIa KaUUJISPOCKOIIMU — B OOJIBIIMHCTBE MCCIIEAOBAHUN ObUIO MOKA3aHO, 4TO Y
naieHToB ¢ CC3 HaOMoal0TCs CTPYKTYPHbBIE U (DYHIIMOHAJIbHbIE U3MEHEHU I B KarluJl-

JIApax HOI'TECBOI'O JIOXKaA ITPHU CPAaBHCHUHN UX CO 3JO0POBBIMHA NOHOpPAMH.
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HorTteBaAa nnactuHa
Pasmep nepuBackynApHou
JlyHka 30HbI

\ MNepexonHbin omen\

KyTukyna |

OMNOHUXUM

BeHo3HbIN oTOEN

MNaney Ha pyke ApTepuanbHblin oTaoen

Puc. 16: Ctpoenue HoOrreBoro joxa. CxeMaTH4eckoe M300pakeHHe SMOHMXHS W KalmWUISAPOB B €ro
o0JiacTu.

1.6.7 [Ipyrue onTHu4yecKue MeTOIbI

Cpey onTUYeCKUX METOAOB, MMO3BOJISIIOLIME N3YUYaTh CBOICTBA KJIETOK KPOBH, HEJIb-
35 HE YIIOMSIHYTh METOABl PAMAHOBCKOHN U (piryopectieHTHOR Mukpockonuu [181, 182].
Taksxe Ba)XHO 0OpaTtuTh BHUMaHue Ha MeTtoa FLIM — MuKpocKomuis ¢ BU3yaau3aiuei
BpeMeHU KU3HU iyopeclieHIMU. JJaHHbIil MeTo MO3BOJIsSeT NOoMy4YaTh N300paxkeHus
KJIETOK, Ha KOTOPBIX BU3YyAJIM3UPOBAHbl BpEMEHA KU3HU pa3HbIX (PypopodopoB, KO-
TOPbIM COOTBETCTBYIOT pa3Hble 11BeTa. FLIM MUKpPOCKOIUS IIMPOKO MPUMEHSIETCS ITPU
UCCJIeIOBAaHUU IpUTPOLUTOB [183].

Takke BaXHbIM ONTUYECKUM METOJOM M3YUYEHHUsI CBOWCTB KJIETOK KPOBH SIBJISET-
CA ONTUYECKAasi MUKPOCKOIIMS, COBMEIIEHHAs! ¢ MUKPO(IIIOMAHON KaMepoil. [laHHbIA
MOJX0]] O3BOJISIET BU3YyAJIM3UPOBATh OJIMHOYHbIE KJIETKU KPOBU U, B YaCTHOCTH, KOJIU-
YEeCTBEHHO OlleHUTh mapaMmeTpbl AD u J13. B padotax A.B. MypaBbeBa u coasT. [48,
184] 6puM MPOJEMOHCTPUPOBAHBI IPEUMYIIIECTBA TAHHOTO TIOJX0/1a, KOTOPBIH MO PSALY
ACIIEKTOB HE UMEET AHAJIOTOB.

Takke Ba)KHbIM METOJIOM M3y4YEHHUs KJIETOK KPOBHU SIBJISIETCS MPOTOYHAS LIUTOMET-
pUsA — 3TO METOJI UCCJIEIOBAHUA OAUHOYHBIX KJIETOK, IIyTEM U3MEPEHUS PACCEIHHOTO

Ha HUX cBeTa / curHaja pryopeclieHIIny MPU OCBEIICHUH MX JIa3epHBIM IydkoM. [Ipo-
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TOYHBIC HUTOMCTPBI HIUPOKO ITPUMCHAIOTCA IJI U3YUYCHUA PUTPOLUTOB, TpOM6OL[I/ITOB

u nerkonuToB [185].
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IJTABA 2. MATEPUAJIbI 1 METO/IbI

2.1 Marepuaubl
2.1.1 IloaroroBka 00pa3ioB KPOBU

Oo0pa3ub! AJ1s1 ©13MepeHnsi arperanuu u gepopManiu SpUTPouuToB

KpoBb 115 uamepenus napametrpoB A u 1 nonyyanu BeHeNyHKIMEN JTIOKTEBOM
BEHbI NAIIMEHTA/3JOPOBOr0 JIOHOPA YTPOM HATOIAK C MCIIOJIb30BAaHUEM aHTUKAYTYJISIHTa
IOITA K3 (3TuneHauaMUHTETPAyKCyCHAsl KUCJIOTA) WY IFeNapyuHa JIMTUS B 3aBUCUMO-
cty or 3anaud. [Ipy m3mepennn AD Ha JIa3€pHOM IUHLETE C YYaCTHUEM SHAOTEIIUSA
MCIIOJIb30BAJIACh IJIa3Ma, NOJYyUYEHHAas] U3 KPOBU C IeNapvHOM JIMTHS (CM. CHOCKY Ha
cTp. 69), Wi CHIBOPOTKA KPOBM (IJ1a3Ma KpoBu 0e3 pubpuHoreHa). s moaydeHus
CBIBOPOTKHU UCTIOIb30BAJIMCH MPOOUPKHU C aKTUBATOPOM CBepThIBaHUSA (S1()s), KOTOPHIE
ueHTpudyrupoBamuck yepe3 40-50 muH. nocnie 3a6opa kpoBu. LlenTpudyrupoBanue
npoucxonuio mpu 1000 g B teuenne 10 muH. [lanee ChIBOPOTKA MEpEIMBAIACh B YH-
CTYIO TIPOOHUPKY.

B skcneprMeHTax UCOIb30BaIACh KaK 11€JIbHAS, TaK U LIEeHTpU(yrupoBaHHa sl KPOBb.
JJ1s1 BBIIEJIEHUS SPUTPOLIMTOB LIEJIbHYI0 KpOBb LeHTpudyruposaau mpu 170 g B Teve-
He 10 MUH., ¥ iepeMBaIy HAJ0CAA0YHYI0 KHUIKOCTh (00OTaIleHHYI0 TPOMOOIIUTAMU
wiazmy (OTII)) B uucTyio npobupky. 15 nmosyyeHus rnaa3Mbl KpoBu 0€3 TPOMOOLIUTOB,
OTII uentpudyrupoamu npu 3000 g B Teuenue 10 MUH., U HAAOCAAOUHYIO KUIKOCTh
(mna3ma 6e3 TPOMOOIMTOB) MEepeIMBAIM B YUCTYIO IPOOUPKY.

B craTbe [186] Obl10 M3y4yeHo, Kak BiausieT Temrneparypa xpanenus (4 °C u 25 °C)
Ha arperalydoHHble U 1e(OpPMalMOHHbIE CBOMCTBA SPUTPOLUTOB. BbUIO MOKa3aHoO, 4TOo
12 ocTtaeTcs HeM3MeHHOI B TeueHue 6 4acoB mocje 3abopa KpOoBU IMPU TEMIIEPATYpe
xpanenus 4 °C wm 25 °C; pa3anuuii B uHAeKce nedopMupyeMoCcTH He ObUTO 0OHapy-
’KE€HO JIaKe CIyCTs 8§ 4acoB, OJJHAKO JIpyrue napamerpsl 1 nzmenunuce. Temneparypa
XPpaHEHH BJIMsIIAa Ha IEPUO]] BPEMEHH, B TEUEHUE KOTOPOro A OCTAETCS HEU3MEHHOMA:
nipu 25 °C ObUM 3aMETHbI U3MEHEHH S arperalMOHHBIX CBOMCTB 4yepe3 4-5 4acoB, a MpH
4°C — yepe3s 12 yacos.

B Hacrosieii padote napametpsl AD u /1D usmepsmch Ha BceX MpuOopax u ycra-
HOBKax, kpome JIII, B TedyeHue 4-5 yacoB nocje B3ATUs KPOBU. JKcrepuMeHTHI ¢ JIIT
3aHMMAIOT CPABHUTENILHO OOJIbIlie BpEMEHH, YeM Ha JIpyrux Mpudopax/ycTaHOBKax,
M09TOMY OHU BBINOJIHSUIUCH B TeYeHUE 7-8 4acoB. ABTOPOM AKCCepTaMK ObUIO Mpoje-

MOHCTPHUPOBAHO, YTO CHUJIbI IIpU HapHOfI AD He U3MeHSI0TCA 3a I[aHHLIﬁ IMPOMCKYTOK
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BPCMCHU.

Oo0pa3ibI 1J1s1 u3MepeHusi arperaiui TPOMOOIUTOB
KpoBb 17151 usmepenus napameTpoB AT monyyanu BeHENyHKIIMEH TOKTEBON BEHbI

MaIMeHTa/310pOBOro TOHOPa YTPOM HATOIIAK U CTAOMIIM3UPOBAIIN ITUTPATOM HATPUSI.

B cTtaTthe m3ydanoch BAUSHUE TeMIlEpaTypbl U BpEMEHU TOCJie B3ATUS KPOBU Ha
arperariioHHbIe cBoicTBa TpoMOoIuTOB [187]. Mcnonb3oBajcs psa npuOOpoB U ObLIO
MOKa3aHo, 4TO MPpU KOMHATHOU Temriepatype AT He npeTeprieBaeT 3HAUMMbIX U3MEHe-
HUH B TeueHre 3 4acoB MOCJie B3ATHUS KPOBHU.

B Hame#t pabote arperaryioHHble CBOWCTBA TPOMOOIIUTOB U3MEPSUIUCH B TeUeHHUE 3

4acoB 1ocJie 3a00pa KpOBHU.

DHa0TE NI

Onrcanvie HUXKe CIPaBeAJIUBO 151 BCEX IPYII SKCIIEPUMEHTOB, 3a UCKJIIOUEHUEM
9KCHEPUMEHTOB MO U3YUYECHUIO BIUSHUS MOKPHITUS MUKPOQIIIOUAHOTO KaHalla KIOBEThI
RheoScan Ha MuUkpopeosornyeckue CBOMCTBA IPUTPOIUTOB (CM. OINMCAHUE IKCIIEPU-
MEHTA U SHJ0TEMABHBIX KJIETOK B pazaeie [ uopoounamuueckas npouHocnms 3pumpo-
UUMAPHBIX azpezamos 8 MUKPOPAOUOHBIM KAHANE, 8bICIAAHHBIM IHOOMEAUANbHbIMU
KAemKamu).

DHAOTENUAIbHBIE KJIETKU Myrno4yHoi BeHbl yenoBeka (HUVEC) Beinensuch meto-
namu, onucaHHpIMU B padorax [188] u [189] Onbroit Hukonaesnoii IllernmoBuToBoii
B HULIOM wum. H. ®. I'amaneun. [IynoBuHbI mosyyaau OT 3J0POBBIX JOHOPOB IOCJIE
MoJTy4YeHus: TH(pOPMUPOBAHHOTO TMUCHhMEHHOTO cornacus. i mpoBedeHUsl SKCIIEPH-
MEHTOB H/I0TEJIMAJIbHbIE KJIETKU BbIPAIIMBAJIN HAa MOKPOBHBIX CTEKJIAX B 24-TyHOUHbIX
miadmeTax B C'Os-unKyOaTope npu 37 °C 1o odpa3oBaHUs MOHOCHOS. [lJ1sT KyJIbTH-
BUPOBAHUS SHAOTEIMAIBHBIX KJIETOK MCHOJIb30Baach Cpejla pocTa HI0TEMATbHBIX
kjaeTok (medium 199 (Gibco), renramunug, renapud, 10% QeranibHON Tensubeid Chi-
Bopotku (HyClone), ¢akrop pocra sugorenusa (200 mxr/mun)). sl 9KCIIEPUMEHTOB
WCIIOJIb30BAJIMCH KJIETKU TOJIbKO 1-ro maccaxa.

N3BecTHO, uTO MOpoJIOorus U (PYyHKIMS SHAOTETMATBHBIX KJIETOK B TKAHSIX 3aMeT-
HO pa3jinyaeTcsi OT OJHOTO Maccaxa K JAPYyromy, HE3aBUCUMO OT TOT'O, BHICEBAJIUCH JIU
KJIETKH Ha MMOJIMMEPHYI0 MOBEPXHOCTh WK Ha cTekJIo [190, 191]. B cratee [192] aBTOpHI
MIPUIIUIA K BHIBOALY, YTO SHAOTEIUAJIbHbIE KJIETKU HAUUHAIOT TEPSTH CBOIO XapaKTEPHYIO

MOpGOJIOTHI0 Mek Ay 3-UM U 6-bIM MacCaKaMHu.
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Supotemmanbhble kKJeTku HUVEC gns skcniepumenTtoB Ha JIIT npencraBiasioT co-
©0fl MOHOCJION KJIETOK Ha CTEKJbIIKe auametrpoM 12 mm. KneTku nocTaBismich OT
HUILISOM um. H. ®@. I'amanen go MI'Y umenu M.B. JlomoHocoBa Ha MaruHe. [Tocie
KaJI0ro U3BJICYEHUS CTEKJIA C SHAOTEJUEM IUIAHIIET HE3aMENIMTELHO 3aHOBO MOMeE-
masncs B akcukarop (B cpeny 5% C'O,) u nanee B rTepmoctar ripu 37 °C.

Ha puc.17 npeacrasiena MukpogoTtorpadgus pUKCUPOBAHHOTO SHAOTENHMsA', KOTO-
PhIii MoTyJaJicsl ClieayonuM crioco6oM. CTEKJIBIIIKO ¢ SHI0TEJIMEM BHIHUMAJIOCh U3
JYHKM W ITPOMBIBAJIOCh ABAX/bl XOJOOHBIM pacTBopoM PBS. [lasee B yamiky netpu
A00aBJIsICS pacTBOp IIIOTapalibAeruaa, pazoasieHHblii B PBS 10 goctukeHus KoH-
tnentparuu 0,25%, 1 Tyaa ke MOMENIANOCh CTEKJIBIIKO ¢ SHAoTeaueM. MHkyOarus
C IIIoTapanbaerugoM mpoxogwia B TeueHre 10 muH. [locie nHKyOaruu SHIOTEHI
BBIHUMAJICS, MPOMBIBaJICS JBAXIbl PBS 1 nmomenaics B UBMEpUTEIIbHYIO KIOBETY MO

MUKPOCKOTI.

Puc. 17: Mukpodororpacdus (puKCUpOBaHHOTO B IIIOTapajbieruie sugorenus B PBS.

2.1.2 DrtHyeckne HOPMbI PadOThI C KPOBHIO

Bce IIO6pOBOJII>LIBI " IMaIUCHTDBI, CAaBABIINEC KPOBb IJIA 9KCIICPUMCHTOB, ObLIN po-

VH(pOPMHUPOBaHBI O LEIN UCCIECOBAHUSA U TAJIM MMCbMEHHOE UH(OPMUPOBAHHOE CO-

!3upoTenmit B M1a3Me KPOBHU TMOYTH HEPA3IMYMM MPH MCTIOb30BAHMM CBETJIONOMbHOH MUKPOCKONMU M3-3a OJIM30CTH
NOKa3atesieil MpeIOMIICHUsI TUIa3Mbl ¥ SHIoTeMs. [loaToMy Ui ero BU3yaM3alluM ClieayeT JMO0 HCIONb30BaTh (HasoBo-
KOHTPACTHYI0 MHUKPOCKOIIHIO, JIMOO U3MEPATh B PACTBOPE C APYTUM ITOKa3aTesIeM NpeoMIICHHUSI.
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rjacue B COOTBETCTBUHU C XeJIbCUHKCKOH JieKiapaiyeil. PAaGoThl B paMKax AuccepTauu

nosnyynim paspenierus JlokanpHoro dtudyeckoro Komurera MHOLL MI'Y umenn M.B.
JlomonocoBa (Nel11/22 ot 05.12.2022; Nel1/19 ot 18.03.2019).

2.2 Mertoanl
2.2.1 JlazepHas arperomMeTpusi SpUTPOIUTOB

[IpuHIunuaJ bLHas cxeMa YCTAaHOBKH

Jlns1 u3MepeHns arperalildoOHHbIX HapaMeTPOB IPUTPOLIMTOB UCTIOIL30BAJICS MPH-
6op RheoScan AnD-300 (RheoMedTekh, IOxnas Kopes) [124, 126]. [Tapametpsr AD
Ha 3TOM MPUOOPEe MOKHO U3MEPSATH C UCTIONIb30BAHUEM 2 TUIIOB OTHOPA30BbIX IJIACTH-
KoBBIX KIOBeT: RSA-CO01 (B mampHenmeMm «MajieHbkoi») 1 RSD-KO01 (B manmbHelmeMm
«OonbImoii»). Ha puc.18 mpeacTaBieHa MpUHOMNKAIbLHAS CXeMa IS U3MEPEHUs ar-
PETAIMOHHBIX TAPAMETPOB Ha «O0MbIIOf» KioBeTe?. C MOMOILBIO MITPULIEBOTO HACOCA
BO3MOXHO CO3/1aBaTh MIOHWKEHHOE JIaBJICHUE B JIEBOM pe3epByape, YTO MPUBOAUT K Te-
YEHUIO KPOBY U3 IIPABOI'0 pe3epByapa B JIEBBII YEPE3 COEJMHAIOIIMI UX KaHAJI TOJILLIUHON
200 mxMm. CBepxy KIOBETA OCBEIIAETCS KPACHBIM AUOIHBIM JIA3€POM, U IETEKTUPYETCS
paccesiHHOe Ha3aj U3J1yuyeHue, MHTEHCUBHOCTh KOTOPOTO 3aBUCUT OT arperaidoHHOTO

COCTOAHUA KPOBH.

IIporokon namepenust

N3mepenne Ha «0obIoi» KwBete. O6pasen kposu (0,5 mur) momemaercs B
KIOBETY C JIByMs pe3epByapami, CBSI3aHHBIMU MeX1y c0o00i KanamoM TomiuHoi 200
MKM (puc.18). [lanee KioBeTa moMeInaeTcs B IpruOOp ¢ KOHTPOJIMPYEMO TeMIiepaTypoit
— 37°C. Kanan ocBenmiaercsi KpaCHbIM JIA3€POM M JIETEKTUPYETCH CBET, PACCESHHBIN
Ha3a]l. HauaabHbIi MOMEHT BpeMeHU U3MEPEHUs] XapaKTepU3yeTcs OOJIbIION pa3HUIIEH
JaBJICHUS] MEX/1y IByMSs pe3epByapamMu KIOBETbI, U, CJIeI0OBATEIbHO, OOIBIIMMH HATIPSI-
KEeHUAMU cJBura (cBepxy Ha puc.19a). [Ipu nmporekanny KpoBU Yepe3 KaHajl arperaThl
HAYMHAIOT JI€3arperupoBaTh, T.€. UX CPEOHUI pa3Mep YMEHbIIAETCs, U OHUM HauyuHa-
I0T pacceuBaTh CBET Ha OOJBIINME YIJIbI, YTO MPUBOJUT K YBEJIUUEHUIO UHTErPAIbHOM
VHTEHCUBHOCTH CBETA, PacceAHHOro Ha3all’ . [IocKoMbKY JaBleHne MexX1y Pe3epByapa-
MU MOHOTOHHO IaJIa€T, TO B KAKOKH-TO MOMEHT SPUTPOLIMTH HAUMHAIOT arperupoBaTh,

YTO MPUBOJUT K YBEJIMUYEHUIO CPEJHETO pa3Mepa arperaroB, CJIEJACTBUEM YEro CTAHO-

2 [laHHBIA TUIT KIOBET IPUMEHSETCA TaKke JUIS U3MepeHns 1e(pOopMAaIMOHHBIX TapaMeTpoB KpoBu. CM. clielylonuil My HKT.
3BepHO 1 06paTHOE: MHTEHCUBHOCTh CBETA, PACCESHHOTO BIEPE/] YMEHBIAETCS.
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Puc. 18: Cxema yactu npudopa RheoScan 1151 u3mepeHus arperaioHHbIX U AehOpMalMOHHBIX Hapa-
METPOB KPOBHU C UCHOJIb30BAaHUEM «OOJbIION» KIOBETHl. i1 u3mMepeHust AD neTeKTUpyeTcst oOpaTHOe
paccesiHMe CBETa OT CYCIIEH3MM PUTPOLIMTOB, Ha KOTOpBIE IEHCTBYIOT M3MEHSIOUIMECS BO BPEMEHU
cABUroBble HanpspkeHus. s uzmepenus 1D peructpupyorcs JuppakliMOHHbIE KAPTUHBI ITPU Pa3HBIX
CABUIOBBIX HAIPSKEHUSX.

BUTCS1 YMEHbBIIIEHHE UHTEHCUBHOCTU CBETA, PACCESIHHOTO Ha3a/l. DKCTpeMyM (PYyHKIIMU
3aBUCUMOCTH MHTEHCUBHOCTH CBETa, PACCESIHHOTO Ha3aj, OT BPEMEHU XapaKTepU3yeT
TOT MOMEHT 7,;;, KOrJlJa CKOPOCTH MPOLIECCOB arperaiyy 1 Ae3arperaiu paBHbl (CM.
puc.19a). CasuroBoe HanpskE€HUE, COOTBETCTBYIOLEE ITOMY IKCTPEMYMY, HAa3bIBAIOT
KPUTUUYECKMM CIIBUTOBBIM HanpsikeHueM (critical shear stress — C'SS). OHO Xapak-
Tepu3yeT TUAPOJUHAMHUYECKYIO MTPOYHOCTh arperatoB: yem Oosblie nmapametp C'SS,
TeM OOJIbIIINE HANPSIKEHUsI CIBUTa HYKHO MPUJIOKUTH, YTOOBI pa3Je/IuTh arperaTsl Ha
OTJe/bHbIe IpUTPOIUTHL. M3Meperns: AD Ha «OOJbIION KIOBETe» Jisl OAHOTO MallieH-
Ta/0OHOpa NPOBOAATCS MOCIeJ0BaTENBHO 6-10 pas.

N3mepeHue Ha «MaJleHbKON» KIOBeTe. B KIOBETY C IJIOCKKMM pe3epByapoM U Me-
TAJIMYECKUM CTepKHEM ToMellaeTcst oopaser] KpoBu oobemoM 8 MKJI. Jlaniee KioBeTa
nomMeniaeTcsi B mpuoop ¢ KOHTpoiupyeMoii Temnepatypoit — 37 °C. OOpaszer cBepxy
OCBEILlAeTCS JIa3ePHbIM MTyUYKOM KPACHOTO LIBETa U JETEKTUPYETCsl CBET, PacCesIHHbIH
BIIEpe]] OT SPUTPOLUTOB M arperaroB. Ilpu momermennn obpasia B U3MEPUTEIBHYIO
siUeiiky mpuOopa BCsl KpOBb UMEET MaKCUMAaJIbHYIO cTerneHb AD (Oosbliiue arperaTsl) U,
CJIeI0OBATEJIbHO, pACCEMBAET Ma/alollee Ha HeE N3JIyYeHUEe TaK, YTO MUHTEHCUBHOCTD 3TO-
0 U3JTy4YeHUs, '3MEPEHHAs B HAITPaBJICHUH MaIAI0NIEero MyJKa, MakcuMasibHa (puc.190).

Jlanee TOHKMI METAJITIMYECKUIA CTEPKEHD, BCTPOEHHBIN B KIOBETY, IO AEACTBUEM BHEILI-
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HEro MarHMTHOTO TOJIsl IPUBOAUTCS BO BpalllaTeJbHOE JIBH)KEHUE, CO3/1aBasi B KIOBETE
CIBUTOBBIE HAIPSIKEHUS MOTOKA KPOBH, KOTOPBIE Pa3pyIIaloT 0Opa30oBaBIIMECs arpe-
raThl 10 COCTOSIHUSA TIOJTHOM Jie3arperanuu (OJUHOYHBIE KJIETKU) (MOMEHT BPEMEHH t =
0 Ha puc.196). [Tocine ocTaHOBKM MepeMeNTMBaHUs HAUMHAETCSI MPOIIECC CIIOHTAHHOMN
arperalyy 3pUTPOLIUTOB (JJIUTELHOCTBIO MOPSIAKA 2 MUH.), B T€UEHUE KOTOPOTO U3-
MepsieTCsl KHHETUKAa MHTEHCUBHOCTH pacCesiHHOTO Brepel cBera. [Ipubop mo3Boiser
U3MepATh MHJEKC arperaiuu (Al), XapakTepu3yIoliuii KOJIMIeCTBO KJIeTOK, Ipoarperu-
poBaBmmx 3a nepsbie 10 cek. B mporieHTax. Al BeIYKCIIIeTCS KaK OTHOIICHUE IUIOMAIH
0]l KPUBOM, OMUCHIBAIOIIEH arperalfmoHHy0 KUHETUKY, K CYMMapHOM HaJl U MO/ KpU-
BOi1 3a mepBbie 10 cek. mpoliecca CIIOHTaHHOM arperaiuu. Takxke mpuOop MO3BOJISIET
M3MePATH XapaktepHoe BpeMs A (17 /2), KOTOpOE ONpeIesIsieTCs, Kak BpeMsl, KOTOpoe
HEOOXOAMMO, UTOOBI MHTEHCUBHOCTD PAcCesTHHOTO BIIEpe]l CBETa TOCTHIJIA ITOJIOBUHHO-
ro 3HAY€HUs OT MaKCUMaJIbHOTO. Tak:ke KpuBasi U3MEHEHUsI UHTEHCUBHOCTH CBETOPAC-

CesTHMSI BO BpEMEHH Ha puc. 196 OTaeIbHO amIpOKCUMUPYETCS IBYMS SKCIIOHEHTAMMU:
—t —t
I(t) = Lz — Arexp™ —Agexp™ (2.1)

C IEJIBIO TIOTyYeHH S XapaKTePHbIX BpeMeH AD T U T, a TaKKe MPEIIKCIOHEHT: Ay, As.
N3mepenus AD Ha «MaJIeHbKOH KIOBETe» 7151 OTHOTO MaIlMeHTa/ JOHOPA POBOASATCS

MHOoCJICAO0BATCIILHO 4 pasa.

N3mepsiemble napamMeTphbl
[Tpudop RheoScan no3ponseT u3MepsATh Caeaylolue arperalfuoHHble XapakTe-

PUCTUKH KPOBHU Ha «MaJICHbKOU KIOBETE»:

» Nnnekc arperamuu (A7) 10 cek. (%) — 3TO OTHOIIEHHUE IUIOIMAAN IO KPUBOM
arperatorpammsl 3a nepsble 10 cek. CHOHTaHHON A K IUIOIIAAXA MPAMOYTOJIb-
HUKA, BEPXHSS I'PaHULIa KOTOPOrO COOTBETCTBYET MAaKCUMAJIbHOM MHTEHCUBHOCTH.
Yewm OoJtbilie JaHHBIN TapaMeTp, Tem OOoJIbllle KJIETOK Mpoarperuponaio 3a 10 cek.

CIIOHTaHHOUI AD.

* Xapaktepnoe Bpems AD (717 5) (CeK.)— Bpems, KOTOPOE HEOOXOAUMO, YTOObI MH-
TEHCUBHOCTb PACCESIHHOTO BIiepe/]] CBeTa JOCTUIJIA ITOJIOBUHHOTO 3HAUYEHHUS OT MaK-
cuMajibHOro. Yem menbie 77 /9, TeM ObICTpee 00pa3yloTCs SpUTPOLIUTAPHBIE arpe-

raThl.
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Puc. 19: (a) U3mepenue Ha «Oombiloii KioBeTe». (BHM3Y) HarpsbkeHue caBura B MUKpOKaHasIe Kak
(pyHKLIMA BpeMeHH; (BBEPXY) MHTEHCUBHOCTb PACCESIHHOTO Ha3aJl CBETa OT KPOBU B MUKPOKaHaJIE Kak
¢dbynkims Bpemenu. (6) M3mepeHne Ha «MaJleHbKOW KioBeTe». VIHTEHCHMBHOCTh pacCesiHHOTO CBeTa B
npsiMoM Harpasyienuu (/ (t)) ot oOpasia LeJbHOI KPOBHU B KIOBeTe Kak (hyHKIHsI BpeMeHH. [ (1) anmpok-
CUMHpYETCSl ABYMS SKCIIOHEHIMAIbHBIMUA (PYHKLMSIMU U PACCUMTHIBAIOTCS MapamMeTpsl JUHEHHOH AD
(Al,Tl) u 3D A3 (AQ,TQ).

* Unnekc M (OTH.el.) — 3TO UYHUCJIEHHAsl XapaKTepucTuka AD, paBHas IUIOIIAIU
0] KPUBOI arperarorpammsl 3a niepsbie 10 cek. cioHTanHoi A, T.e. romaam A
(cM. puc.196). lanublii mapameTp uaeHTHYeH Al, OMHAKO €ro 3HauYeHWe 3aBHCUT

OT reMaTOKpHUTa U Jp.

o [Tapametp AM P (0TH.el.) — YMCJICHHasl pa3HUIla MeXIy MHTEHCUBHOCTBIO pac-
CesIHUS TIOJIHOCTBIO TIPOAarperupoBaBIero oopasiia KpoBU U Je3arperupoOBaHHOTO
obpasna kpoBu. Yem Beiie mapametp AN P, Tem Oosbliie pa3iddaioTCsi COCTOSHUS

arperupoBaHHON U Ae3arperupOBaHHON KPOBU.

[Tpu6op RheoScan mo3BonsieT u3MepsATh CIEAYIONINE arperalluoHHble XapaKTepH-

CTUKU KPOBH Ha «OOJIBIIION KIOBETE»:

e [Tapamerp C'SS (mlla) xapakTepu3yeT ruJpOAMHAMUYECKYI0 TIPOYHOCTh IPUTPO-
IIUTApHBIX arperatoB. Yem OoJbllle JTaHHBIN MapaMeTp, TeM OOJIbIINE CIBUTOBBIC

HaIIpAKCHUA H€O6XOIII/IMO IMPUIIOKUTD, YTOOBI Pa3aciuTh arperartsl.
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» Kputuueckoe Bpems 1..;; (CEK.) — 3TO BpeMs, 3a KOTOPOE AOCTUTaeTCsl PaBHO-
BeCHe MPOIIECCOB arperaiuu 1 ge3arperaiuyd SpuTporToB. 3aBUCUT OT BSAZKOCTHU

CYCIIEH3UHU.

[TpousBoast MOCTOOPaOOTKY JaHHBIX KPUBBIX CBETOPACCESIHUS, Oy YEHHBIX /IS

«MAaJICHbKOW KIOBEThI», MOXKHO MOJTYUUTh CJIEAYIOLIIE apaMeTphl:

» Nnnekc arperanuu (Al) X cek. (%) — 3TO OTHOIIIEHWE TUIOINAIU IO KPUBOW ar-
perarorpaMmsl 3a NepBble X CEK. CMIOHTAHHOU AD K IUIOIAAN MPSIMOYTOJIbHUKA,
BEPXHSISl TPaHUIla KOTOPOTO COOTBETCTBYET MAKCUMAaJbHONM MHTEHCUBHOCTH. YeM
OoJIbIlIe JaHHBIN TapaMeTp, TeM OOJIbIIe KJIETOK MpoarperupoBajio 3a X ceK. CIOH-

TaHHOU AD. MOXHO MOJy4YUTh UHACKCH arperalyu AJisl pa3HbIX BPEMEH.

» XapaktepHoe BpeMsi 0Opa30BaHUsl JIMHEHHBIX arperatoB (77) (CeK.)— XapakTtep-
HBIIl MOKa3aTesb ObICTPOM SKCHOHEHTH B ypaBHeHuM 2.1. XapakTtepusyeT Bpems

oOpa3oBaHUsl JIMHEHHBIX arperaTos.

» XapaktepHoe Bpems oOpa3oBaHus 3D arperartos (73) (CeK.)— XapaKkTepHbIid ITOKa-
3aTesib MeJJIEHHOW SKCIIOHEHTH B ypaBHeHuu 2.1. XapaktepusyeTt Bpems o0pa3o-

BaHUS JIMHEHAHBIX arperaTtosB.

e [TapamMeTp CyMMapHOI0O BKJIaJia JIMHERHBIX arperatoB B cBeTopaccesHue A; (OTH.
ell.) — 3TO MapaMeTp anmpOKCUMAIMH, KOTOPHI XapaKTEPU3YET PA3HOCTh CBETO-
paccestHis MeskLy 2 aOCTPaKTHBIMM COCTOSHUAMU KPOBU: MOJIHAS ie3arperanus u
COCTOSIHUE C TIOJHOCTHIO C(DOPMUPOBABILIMMUCS JTMHERHBIMU arperaramu. Tak Kak
AMP = Ay + Ay, TO TaHHBIA TApaMETP JOMOJTHUTEIHHO MOKHO PaCCMATPUBATD B
HPOIIEHTHOM cooTHomeHuu: A1 (%) = ﬁ4—lp x 100%. dIpyriumMu cJi0BaMH, ITapaMeTp
A1 XapakTepu3yeT CTeleHb BHIPakeHHOCTH JIMHERHONW AD B KPOBH.

* [Tapametp cymmaproro Bkiaaa 3D arperatoB B cBeTopaccesiHue As (OTH. ell.) —
3TO MapameTp annpoOKCUMAlMK, KOTOPBI XapaKTepUu3yeT pa3HOCTh CBETOpacces-
HUSI MEX1y 2 aOCTPAKTHBIMU COCTOSIHUSIMU KPOBHU: COCTOSIHUE C TIOIHOCTBIO C(hOp-
MHUPOBABIIMMUCS JTUHERHBIMU arperaTaMu U ¢ MOJHOCThI0 C(pOPMUPOBABIIMMUCS

3D arperaramu. Tak kak AM P = A; + As, TO AaHHBII TapamMeTp TOMOTHUTEb-

HO MOXHO PacCMaTpuBaTh B MPOIEHTHOM cooTHoteHuu: A (%) = Afj 5 % 100%.
Hpyrumu cioBamu, napametrp As xapakTepusyeT cTerneHb BbipaxeHHocTu 3D AD

B KPOBH.
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2.2.2 JlazepHasi 9KTalIUTOMETPHSs IPUTPOIUTOB

IIpuHnuMnuaJbLHasA cXxeMa YCTAaHOBKH

st m3mepennst AeOpMALIMOHHBIX MapaMETPOB SPUTPOLIMTOB HUCIIOJIb30BAJICS
9KTALIUTOMETP, KOTOPHI peanm3oBaH B npudope RheoScan AnD-300 (RheoMedTekh,
Oxnas Kopes) [138]. ITapamerpst [ID Ha 3TOM Nprdope U3MEPSIOTCS C UCTIOIb30Ba-
Huem tuna KioBeTsl RSD-KO01 (B maypHeiimem «6oibInoi») (cMm. puc.18). C moMorpio
HIMPUIIEBOTO HacOCa BO3MOKHO CO3/1aBaTh MOHUKEHHOE JAaBJICHUE B JIEBOM PE3EpBY-
ape, 4To SIBJIETCS NMPUUMHON TeUEeHUs] KPOBHU M3 MPABOrO pe3epByapa B JIEBbIA yepes
coenuHsomui ux kanan (200 mxm). CBepXy KiOBeTa OCBEIIAETCSI KPACHBIM JTAOAHBIM
Jla3epoM, U TI0CJI€ KIOBETHI C TIOMOIIIbIO BUJEOKAMEPBI AETEKTUPYETCS KapTUHA Iudpak-

IIUM OT CHJIbHO pa30aBIieHHOTO 00pasiia KPOBH.

IIpoTokoua n3mepeHus

Jist mpurotoBieHus oOpasiia resbHast Kposb (10 Mki1) nodasnsercsa B 0,5 min 5,5%
pactBopa noauBuHWINMpwumMaoHa (PVP) (Baskocte PVP = 35 mlla*cek. npu 37 °C),
nasiee odpasel] nepeMemBaeTcs U moMenaeTcsl B KioeTy. Jlajiee KioBeTa nomMeniaeT-
csl B MpuoOOp ¢ KOHTposmpyemoit Temrepatypoit — 37 °C. InpurieBoit Hacoc co3maer
Pa3HOCTh JABJIEHUI MEXJAY IBYMs pe3epByapamMu (cMm. puc.l8), 4yTo co3maeT cIBU-
TOBbIE HAIPSI)KEHHSI B KaHaJle U SPUTPOLIMTHl HAUYMHAIOT aedopmupoBaTbesa. KapTuHa
audpakiuy OT pa30aBJIEHHON CYCIIEH3UN SPUTPOLIMTOB TaKKe HAUMHAET BhITSITUBATHCS
B MEPIIEHUKYJISIPHOM HAIMPABJICHUU U TIO MEPE YMEHBIIICHUS] PAa3HOCTHU J1aBJIEHUs (CM.
cHU3Y Ha puc.20a) OHa U3 JUIMIICA CTAHOBUTCS KPyroM (cM. cBepxy Ha puc.20a). [Tocie
M3MEPEHUST PACCUMTHIBAETCS MHIEKC aedopmMupyeMocTd D] Mpu pa3HbIX CIBUTOBBIX
HaIpsKeHUSIX M0 KapTUHE Audpakiuu, Ha KOTOPOX BbIIEISETCS JIMHUS UHTEHCUBHO-
CTH Ha OIpe/ieIecHHOM ypoBHe. KapTuHa nudpakium annpoKCUMUPYETCs JUITUIICOM U

D1 Bbruncisiercs no gopmysie:

_A-B
A+ B’
rie A u B — Oonblias 1 Maiasi oyoch jumrca (cM. cBepxy Ha puc.20a). [lanee ctpo-

DI (2.2)

satcs rpadgpuku 3aBucumMocty D1 OT NpUI0kKEHHBIX CIBUTOBBIX HamnpsikeHuil. B kayecTse
aHAIM3UPYEMBIX MapameTpoB oObrdHO OepyTcst D1 npu 3 u 20 Ila.

JlOTIOTHUTETPHO 3aBUCUMOCTh MekAy [ v HanpsiKeHUeM cBUra B nosyaorapud-
MHUYECKOM MaciiTade MOXKHO alpOKCUMHUPOBATH C TOMOIIbI0 JIMHEHHON perpeccum,

YTO IO3BOJISAET PACCUUTATh 2 MapaMeTPhl: MPEAE] TEKYUYECTU U BA3KOCTb BHYTPHKJIE-
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TOYHOT'O COJEPKUMOrO SPUTPOLUTA, UM BHYTPEHHSISI BA3KOCTh pUTpoiiuToB (BBJ).
Ornpenenenre 3TUX MmapameTpoB onvcaHo B ctatbe Pupcosa, [Ipueskena, Knumosa u
Topuna* [193]. BB xapakTepusyercsa HakjoHOM rpaduka sapucumoctd DI ot jo-
rapudMa HanpsKEHUs] CIBUTA, a MPEeAes TEKYYECTH ONpPEAeIIsieTCs MO MEePECEUYCHUIO
DI c ockio X (cMm. puc.200). [Ipenen TekydecTu mpeacTaBaseT coOoii MUHUMAIbHOE
HanpspkeHue cpura, Heooxoaumoe it 19, a BBD cooTBeTCTBYeT BA3KOCTH BHYTPH-
KJIETOYHOT'O COAEPAKUMOTO SPUTPOLIUTOB.

W3mepenus 1D 1y 0IHOro naumeHTa/1oHopa nposoaAarcs ot 1 go 3 pas.

N
o

LOucpakumoHHasa KapTuHa

-
(&)}
1

OT AehOPMMNPOBAHHBIX
3pUTPOLNTOB
[OuncpakunoHHasa KapTuHa
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—_
o
1

(&)
1

HanpaxeHune cgsura, lNa
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o
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@ *BHYTPEHHAA BA3KOCTb 3PUTPOLUTOB

1 1 1 1 00 ~ 1 1 1
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Bpewma, cek. Hanpa>xxeHune casura, Na

o

o

b
==

Puc. 20: (a) (BHu3y) CriBuroBoe HampspkeHue U uHjekc aegopmupyemoctu (D) kak (pyHKIMSA BpeMe-
HU (DI coOTBETCTBYET OTHOCUTEILHOMY YIJIMHEHHUIO SPUTPOLIUTOB); (BBEPXY) 3aBUCUMOCTD JABJICHHUS
MEXIy ABYMsl pe3epByapaMH KIOBETHl OT BpeMeHHu. (6) 3aBucumocTb D] OT HamnpsiKeHUs CIBUra B
MOJTyJIOrapu(PMUUECKUX OCSAX. (v — YroJl HakJoHa KpuBoi. (B) CxemaTuyHass KapTUHA AU(PaKIUUA OT
1eOopMUPOBAHHOTO U HeJIe(POPMUPOBAHHOTO SPUTPOIUTA.

N3mepsiemble napamMeTphbl
[Tpubop RheoScan no3possieT usmepsaTh cieayomiye aedhopMalliOHHbIe XapaKTepu-

CTUKHU KPOBHU:

4llaHHas cTaThs eCTh TAKKE U HA PyCCKOM, OIHAKO TEKCT CTaThU JOBOJLHO CIOKHO HailTh B uHTepHete: H. H. ®dupcos,
A. B. Ilpuesxes, H. B. Kimmmoga, A. 10. Tiopuna.OcHOBHbIE 3aKOHOMEPHOCTH 1€(hOPMALIMOHHOTO TIOBEJEHUS SPUTPOLIUTOB B
cIBUroBOM NOTOKE // VIHxkeHepHo-pu3nueckuil xypHal ToM 79, Nel. c. 114.
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* Unpekc nedopmupyemoctu DI (OTH.ell.) — 3TO XapaKTEPUCTUKA BBITSHYTOCTU
SPUTPOLUTOB B CABUIOBOM ITOTOKE MO IU(PPAKIIMOHHON KAPTHUHE, KOTOPAasi BBIYMC-
nsetcs o popmyse 2.2. D[ BBIYUCTSAETCS HA PA3HBIX CIBUTOBBIX HANPSIKEHUSX — B
oOpaboTke yuacTByOT D1, Beranciienusie ipu 3 u 20 [Ta. Yem Bbltie Mo 3Ha4YESHUIO

D1, Tem 60see BBITSIHYTHl SPUTPOIUTHI.

MoxHO I[MOJIYUYHTD CJACAYIOMINC ITapaMETPBI IIPpU HOCTO6pa6OTKe ITOJIYYCHHBIX HAHHBIX:

* [Ipenen tekyuectu (I1a) — MuUHMMaNbHOE CABUIOBOE HAIpPsIKEHUE, KOTOPOE HEOO-
XOAUMO NPUJIOKUTh, YTOOBI HAYATh J1e(hOPMUPOBATH SPUTPOIIUTHL. XapaKTEPU3yeT

JIACTUYHOCTh MEMOPaHbI SPUTPOLIMTA.

* BHyTpeHHAA BA3KOCTh 3pUTpoUTOB (BBY) (0TH.€A.) — 3TO XapakTepuCTUKA BHYT-

peHHeﬁ BA3KOCTH 3PpUTPOLUTOB, BbIPpAKCHHAA B OTHOCUTCJIbHBIX CIUHUIIAX.

2.2.3 Onruyeckas typougumerpus u ®CII-meron

IIpuHnMnuaJbLHAsA cXeMa YCTAaHOBKH

Typbunumerpuueckuii MeTo] bopHa 1 METO]], OCHOBaHHBII HA U3MEPEHUU CPE/I-
Hero pasmepa arperaroB no ¢uykryauusm ceerorponyckanus (PCII) peann3oBan B
Ja3epHOM arperomerpe TpoMOouuToB Anat-2 monean LA-230-2 (HI1® buona, Poc-
cus) [194]. B nanHOM J1a3epHOM arperoMeTpe Hapsiiy ¢ OOBIYHOM arperomeTpueit (13-
MepeHnus no metoay bopha [140], peann3zoBad MeTOA MOHUTOPUHTA pa3Mepa arperaTos,
OCHOBaHHBII Ha (PIyKTyalusix cBeTonponyckanus [195], KOTopblil ucnonb3yeTcs s
OLICHKH OTHOCHUTEJIBHBIX PA3MEPOB arperaroB IIPU HU3KOW KOHLEHTpALUU aKTUBaToOpa
TpoMOoIuTOB. [IprbOp MO3BONSAET TaKkKe M3MEPATh KOHIIEHTPAIMIO TPOMOOIIMTOB B
1J1a3Me KpoBH U UX (pakTop (popMbl (CTENEHb JUCKOMAHOCTH).

[IpuHIMNManbHasi cCXeMa YCTaHOBKM IpejcTaBjieHa Ha puc.21. JlazepHblil mydok ¢
JUTMHOHM BOJIHBI 785 HM OCBEIaeT KIOBETY, B KOTOPYIO MOMelIeHa 0OoraiieHHasi TpOM-
oouuramu mwiasma (OTII). [Tozaau KioBeThl HaXOAUTCS (POTOANOM, KOTOPHIN U3MEPSIET
CUTHAJI KOJUIMIMUPOBAHHOTO MponycKaHus cBeta. CurHai ¢ (potoguoja nmpomyckaeTcs
yepe3 (puIbTp HU3KUX YacTOT (M3MepeHue 1o bopHy) 1 yepe3 (pribTp BHICOKMX YAaCTOT

(u3mepenus no PIayKTyarusam).

IIpoTokoJua n3mepeHus

Arperomerp Anar-2 LA-230-2 no3BossieT uccienoBarb AT npu UX akTABaLUU
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Puc. 21: IpunnunuansHas cxema TpoMOoIUTapHoro arperomerpa Anar-2 moaem LA-230-2. OTII —
oOoraieHHas TpomOonuTamu iaszma. ®PHY u ®BY — pusibTp HU3KUX U BBICOKMX YaCTOT COOTBETCTBEH-
HO. DI — UCTOYHUK 3JIEKTPOMArHUTHOTO MOJIS.

pa3JnYHBIMU UHAYKTOpaMu. B nanHoi pabote uzmepennsi AT mpoBOAMINUCEH C UCTIONb-
3oBanueM uHayktopa AT anenosunaudocdara (ADIL).

[Tpu noBpekIeHUM CTEHKU KPOBEHOCHOT'O COCY/1a TPOMOOIIMTHI aK TUBUPYIOTCSI KOJI-
JIareHOM M TPOMOMHOM, 4TO 3aryckaeT kackajg AT u unnimupyet remoctas. Tpombo-
LIUATHI BHIAEJSIOT Ay TOPETYJIATOPHBIE ATOHUCTHI, Takue Kak AJID, KOTOpble aKTUBUPYIOT
COoCeIHMe TOKOSIMeCs TPOMOOIUTH U TeM cambiM Bbi3biBaioT AT. Cpeau Bcex aro-
HuctoB AJI®-unaynmpoBannas AT npuBiekaeT ocodoe BHUMaHUE HCCeqoBaTe e 1
KJIMHUIIUCTOB OJlarojapsi y4acTuio ABYX TUNOB TpomoOoruTapHbeix AJlP-perentopos:
BbicOkoappuHHbIX P2Y 1 n Huzkoadpdunusix P2Y12 - B AJl®P-onocpenoBanHoit AT
[196].

Wsmepenus npooauauch Ha OTII, koTopasi mosyyanach ClAeAyIOIIUM 0Opa3oMm:
LEJbHYI0 KPOBb ITOMEIIAIM B SMIEHA0P(BI O 2 MJI U LIECHTPUQYTUPOBAIY B TeUeHUe 7
MuH. Tipu 1700 o6/mMuna (200 g). [lanee BepXHUIA CJIOH TIa3Mbl C TPOMOOITUTAMU OT/e-
Jsicsl B OTAEbHBIA a1ieHaopd. [locne nenTpudyrupoBanus u nepe u3MEepeHUsIMU
HeoOxonumo OblIo oxuaanue 30 MUH., IOCKOJIBKY Cpa3y Mocje HeHTpUpyrupoBaHUs

aKkTUBaLUs TpoMOOLUTOB MOkeT ObITh HUXke. [Janee OTII B o6beme 300 MK moMeramu
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B IIWJIMHIPUYECKYIO KIOBETY, KOTOpasl CTaBWJIach B TepMOCTaT mpudopa (Temrieparypa
37 °C) Ha 3 MuH. lepe/] U3MepeHrueM. AKTUBAIU S TPOMOOIIUTOB MPOU3BOIMIACH ITyTEM
noOasienus 15 mkJ mHayKTOopa arperaiun APJl B KoHueHTpamusax 1 wmm 5 MKM?.
C noMouipl0 UICTOYHUKA IEKTPOMArHUTHOTO TOJIs MAarHUTHBIA CTEPKEHb BpalllaJICs,
CHOCOOCTBY I MEpeMeIMBaHuI0 00pasiia Iia3Mbl C TPOMOOIIMTAMU B T€UEHUE BCETO U3-
MepeHusa. CKOpocCTh TiepeMelnBaHus BeIcTaBisiach 800 06/MuH.

Ha puc.22 npencrabiieHbl XapaKTEpHbIE KPUBBIE, ITOJIyYaEMbIE B XO€ IKCIIEPUMEH-
Ta 2-msa metonamu. Ha puc.22a npencraBieHa 3aBUCUMOCTh MHTEHCUBHOCTU CBETA,
paccesiHHOTO BIepel, OT BPEMEHH J1JIsl CyCIIEH3UM aK THBUPOBAHHBIX TPOMOOLIUTOB. W3-
Mepsiemasi MHTEeHCUBHOCTh HOpMUpoBaHa B %: 0% — ceetonponyckanue OTII nepen
no6asnenueM uaaykropa AT, 100% — cBeTonporryckanve Boabl. UHIyKTOp arperamuu
AJI® nobasnsiercs Ha 10-0i1 cek. mocie Hauana u3mMepeHus. [IocKkombKy B rpoliecce npu
AT o0pasyloTcs arperatbl BC€ OOJbIIMX pa3MepOB, TO MHTEHCUBHOCTb CBETA, paccesiH-
HOTO Briepe]] OyIeT yBeJINIUBATHCS. Y MEHbIIIEHE MHTEHCUBHOCTU CBETOMPOIYCKAHUS
cpazdy nociie nodasienus AP csa3aHo ¢ udmeHeHreM (POpPMBI TPOMOOIIMTOB MPU UX
aktuBaiu. Ha puc.226 npeacraBiieHa 3aBUCMMOCTh CPEIHETO pa3Mepa arperatoB OT
BPEMEHH, U3MEPEHHASA C IOMOLIBIO MeTOAA (PIIyKTyal1ii.

N3mepenune kuHeTuku AT MpoOU3BOAUTCS B TEYEHUE 5 MUH. U OJHOBPEMEHHO JJIsS
OJTHOI KOHIEHTpAaIMK TPOBOASATCS U3MepeHus 1o bopny u o guykryanusam. OgHako B
00paboTKe pe3yJIbTaTOB YUUTHIBAIOTCSI M3MepeHus o bopHy (puc.22a) TONbKO 1151 KOH-
nenTpanuu AJI® 5 MkM, Toraa kak s meroaa gpaaykryaruii — AJIP 1 MxM (puc.220).
ITO CBA3aHO C NPUMEHUMOCTBIO METOJOB MPY Pa3HbIX KOHUEHTpalusAx uHaykTopa AT.

[Tocne nsdmepenuns kaxaas nonyyeHHas kuHetuka AT xapakrepusyercs JByMs Ia-
pameTpamu: (1) MakcuMaIbHBIM 3HAYEHUEM CBETONPOITYCKaHU I (MU CPEIHETO pa3mMepa
arperaToB) U (2) MakCMMaJIbHbIM HaKJIOHOM KPUBO# CBETONPOMYCKaHUs (WJIM CPEIHErO
pa3Mepa arperatoB) B TEYEHUE NIEPBBIX 5 MUH.

N3mepenus kunetuku AT ayis omHoro oopasiia npu oaHoi KoHueHTparuu AP

MIPOBOAATCA TOJIBKO OOKUH pas.

N3mepsieMble napamMeTphl

[TapameTpsl AT no kpuBoi ceerornponyckanus (puc.22a):

* Crenenb arperaiuu (%) —- 3TO0 MaKCUMaJIbLHOE 3HAYEHUE CBETOIPOITYCKAHUS T10-

SKoneunsle konnentpanui AP B 315 mxn pactsopa OTTI+A®. Konuenrpaiuu 106asiasemMbix pactsopos 10,5 u 105
MKM COOTBETCTBEHHO.
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Puc. 22: (a) 3aBuCMMOCTb UHTEHCUBHOCTH CBETa, paccestHHOro Brepen, ot Bpemenu st OTII npu no-
6apnenru AJI® B koHneHTpamu 5 MKM u (0) 3aBUCMOCTb CPeTHETrO pa3Mepa arperaroB TpOMOOIIMTOB
ot Bpemenu it OTII npu no6asnennu AJI® B koHneHTparyu 1 MkM.

cie Havasa AT nipu no6asnennn AJIP B KoHIIeHTpaIuu S MKM OTHOCHUTETBHO BOJBI

u OTII nepen no6apnenuem AJlD.

* Cxopoctb arperauiyu (%/MuH.) —- 3TO MaKCUMAaJbHbIi HAKJIOH KPUBON CBETO-
nponyckanus nocje Hayana AT npu nodasnenun AI® B KoHIeHTparuu 5 MKM

otHocutesibHO Bofabl 1 OTII nepen nodasnenuem AJlP.
[TapameTpsl AT no kKpuBO# cpeiHero pazmepa arperaToB (puc.220):

* MakcuMaJlpHBlii pa3Mep arperatoB (OTH.€[.) —- 3TO MAKCHMAJIbHOE 3HAYEHUE
cpeaHero pasmepa arperatoB mocjie Hadana AT npu go6aenenun AP B KOH-

ueHTpauuu 1 MkM.

* MakcumasbHasi CKOpOCTh 00pa30BaHMsI arperaton (OTH.eJ1./MUH.) —- 3TO MaKCH-
MaJIbHBIA HAKJIOH KPUBOM CpeAHEro pasMepa arperatoB mnocie Hadana AT rpu

no6asinennu AJI® B koHreHTpauu 1 MKM.

6

J{OMOHUTENBHO” U3MeEpsEMBbIE TapamMeTpbl Ha arperomerpe Anar-2 LA-230-2:

5B naHHON MoaenH arperoMeTpa Takxke MOXHO ObUIO U3MepsTh (hakTop BuiiebpaHa ¢ MCMONb30BaHUEM PUCTOIIETHHA.
OnHako B TaHHOW JMCCEePTALUH U3MEPEHUIA C PUCTOIIETHHOM IPOU3BEICHO He OBLIO.
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» KonueHTpaiusi TpoMOOIIUTOB (THIC./MKJI).

» ®akTop POpMbl TPOMOOIUTOB (%) —- ITO CTENEHb JUCKOMAHOCTH TPOMOOIUTOB.

2.2.4 JlazepHblil NMHIET

I[MpuHnMnuaJbHas cxeMa JBYXKAHAJIbHOI0 JIA3ePHOr0 MUHIETA

JIByxkaHanbHbIi Ja3epHbiil uHLeT (JIIT) ncnonp3oBancs Kak A 3axBara JBYX
SPUTPOLIUTOB Y UCCJIEAOBAHMS UX arperalMOHHbIX CBOMCTB, TaK U JIJIsl U3MEPEHUS CUJT
aJre3uy SPUTPOILIUTOB K MOHOCJIOK COCYAUCTOrO 3HA0TENMsA. CXxemMa yCTaHOBKHM IpU-
BejeHa Ha puc.23. OCHOBHbIMU €€ 37eMeHTamMu SIBJISIOTCS auoaHblid jgazep Nd:YAG
(A =1064 um, 1 BT), BomHO-uMMepcuoHHBIH 00bekTHB OLYMPUS ¢ BBICOKOI UnCIO-
Boii aneprypoit (NA = 1,00) u 100-xkpatHbM yBesmyeHueM. PaccTosgHusa mexay noBo-
POTHBIM 3€pKajioM, MOJSPU3ALMOHHBIM KYOOM, TEJIECKOIOM, AUXPOUYHBIM 3€PKAJIOM
1 0OBEKTUBOM Ha PUC.23 AOKHBI MOAUMHSTHCS MPABUITY COIPSIKEHHBIX IUIOCKOCTER
[197].

Buneo-n3o6paxkeHnss B3aMMOACHCTBYIOIIMX IPUTPOLIUTOB BO BpeMs KakIOTO W3-
Mepenus 3anucbiBaioTcss Ha CMOS kamepy DCC1645C (Thorlabs). B ycranoBke n3-
HaYaJIbHBIN JIA3ePHBIA MYUYOK C MOMOIIBI0 MOISAPU3AIMOHHOTO KyOa JeJUTCs Ha JIBa,
MOIIIHOCTU KOTOPHIX U3MEHSIOTCS C TOMOIIbIO TIOJISIPU3aTOPOB (TJIACTUHOK A / 2). Oguna
13 JIa3ePHBIX MTyYKOB SIBJISIETCS HEMOABUKHBIM, a IPYTOi MOABUKHBIM, OJ1arofgaps MoBo-
POTHOMY 3€pKaJly, YTO MO3BOJISIET LI€JICHAIIPABJICHHO MAHUITYJIMPOBATh 3aXBAYCHHBIMU
spuTpouuTamMd. MOIIHOCTh Jla3epa yCTaHABIMBAETCS Ha ypoBHe npumepHo 750 mBrT,
TP STOM OOJIbIIIAs YaCTh MOIITHOCTH TEPAETCS Ha ONTHYECKUX JIEMEHTaX — OCHOBHBIE
MOTEpU M3JIyUYEHUs MPOUCXOAAT Ha 00OBbeKTHBE. MOIITHOCTh CBETOBOIO IyYKa B Tepe-
TSDKKE OIHOM ONTUYECKOH JIOBYIIKU cocTaBiseT nopsaka 30 mBt. HeGonbias gacTsb
MOIIHOCTH [IJIS1 OCHOBHOTO My4YKa MPOXOJUT CKBO3b JUXPOUYHOE 3€pKajo Ha poToje-

TEKTOp, YTO HeoOXoaumMo i Kaymoposku JIIT.

IIpoTokoi u3mMepeHus Ha Jla3epHOM NMHLETe
[Tpu u3MepeHusx ¢ HIOTENMEM HCIHOJIb30BANACh KPOBb, CTAOWMIM3MPOBAHHAS

rernapuHoM JIUTHsA, a 6e3 suporeus — TA K37. LlenbHylo KpoBb CHavaa LEeHTPHU-

7Onproit HukosnaesHoit [1IernoBuToBO# ObLT npoBesieH MTT tect, KOTOpBIi TOKa3a, 4To M1a3Ma, BblIeJIEHHAs U3 11eJIbHOM
KpPOBH, CTaOWIM3HUPOBAHHON I'elapuHOM JIMTHS HE SBSETCS TOKCUYHOM JUJIST SHIOTENHsI, a B ciydae ria3mel ¢ DTA K3
HaOJIOAJIaCh BBIpaXKeHHAS] TOKCUIHOCTb.
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Puc. 23: YmpouieHHad cxeMa JBYyXKaHaJbHOTO JIa3€PHOrO NUHLETA. V3HavyalbHbIA J1a3epHBId Iy4OK
AEJIUTCS Ha [1Ba Iy4yKa, KOTOpbIE MCHOJIB3YIOTCS INpH 3axBaTe 3puTpouuToB. KioBera Haxomutcs Ha
3D cronmke, KOTOpPBIH MO3BOJISIET MEPEMENIAThCS] OTHOCUTEIBHO CTATUYHOM BHUI€O-KaMephl B pa3Hble
obOstacty KioBeThl. CM. ONMCaHNE B TEKCTE.

(pyruposamu nipu 170 g B Teuenue 10 MuH. 11 pa3aeneHus SpUTPOLUTAPHON MACCH U
IJIa3Mbl C TPOMOOITUTAMHU, U JiaJiee TIa3My ¢ TPOMOOIIUTaMH IIeHTPU(YyTrupoBaIv MpH
3000 g B Teyenue 10 MUH. 1151 OCaXI€HUsI TPOMOOIIMTOB. DHAOTENIA XPAHUTCS B Cpe-
ae C'O, B 3KcUKaTope, KoTophiii momertieH B TepmocTat (37 °C). Il npuroToBieHUs
oOpasiia KpoBH K 1iazMe 6e3 TpoOMOOIIUTOB J1I00aBJISUTUCH JOTIOJTHUTEJIbHBIE BEIeCTBa
(x mpumepy, L-aprunun) B cooTHomienuu 9:1, u ganee nodaBuiiack HeOObIAsA YacTh
KPOBHM TaK, YTO KOHEUYHbI reMaToKpuT cocTtaniisii 0,1%.

KioBeTa 1151 oOpasiia KpoBU CO3/1a€TCs HA OCHOBE JABYXCTOPOHHETO CKOTYa, Mpe/I-
METHOTO U MOKPOBHOTO cTekjaa (cM. puc.23). KoBera s u3MepeHust S3HAOTENUS OT-
JIMYaeTcsl OT TaKOBOM 03 SHAOTENNs KOJIMYECTBOM IOJIOCOK IBYXCTOPOHHETO CKOTYA.
Tak, KoBeTa A1 SHAOTEIMS CO3/IaeTCs CAEAYIONMM MyTeM: Ha TIPeAMETHOE CTEKJIO
MOMENIAIOT 1O 4 MOJIOCKU JIBYXCTOPOHHETO CKOTYA, M B 3a30P MEXK]1y HUMHU MOMEIIAl0T
CTEKJIBIIIIKO C MOHOCJIOeM 3HJ0Te M. Jlanee Ha SHAOTENMH He3aMedIMTEbHO TToMe-
njaeTcst odOpaser] KpoBU, U CBEpXYy HaKJaIblBaeTCs MOKPOBHOE CTekJo. Jlanee oObem
KIOBETHI MTOJIHOCTBIO 3aMOHASTCS 00pa31ioM KPOBH ¢ MIOMOIIbI0 Jgo3aTopa. Jlis KioBe-
TH 03 SHAOTEMS Ha MPEAMETHOE CTEKJIO HAHOCUTCS MO 2 TIOJIOCKU ABYXCTOPOHHETO

ckoT4ya. CTBHIKA KIOBETHI H30JIMPYIOTCA OT BO3AyXa C ITIOMOIIbIO BA3CJIMHA.
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[Tocie momereHns: KIOBETHl C SPUTPOIUTAMU IO OOBEKTHB, HACTPOMKHU (hOKyca
OOBEKTHBA W MOUCKA ABYX OJUHOYHBIX IPUTPOIIMTOB OCYIIECTBIISUIMCH UX TOOYEPE/I-
HBIA 3aXBaT IBYMS ONTUYECKOU JIOBYIIIKAMU M HEMOCPEICTBEHHO caMu n3Mepenust. J1is
KOJIMYECTBEHHOM OLIEHKM CUJI aAre3ud SPUTPOIUTOB K SHIOTEJIUIO, OAUHOYHBIA SpUT-
POIIUT 3aXBaThIBAETCS B HEMOJBUKHYIO ONTUYECKYIO JIOBYIIIKY, a MOABUKHASI JTOBYIIIKA
nepekpoiBaeTcs. B axkcniepumenTax ¢ JIIT B oOmmiem cirydae usmepsiercs 4 pa3Hbix mapa-
MeTpa: BpeMsi AD, cuiia arperauuu, cuia aesarperauuu [ 198] u cuna B3aumoaencTeus
sputponuta u sHa0Te U [199]. OnHako B OOJBIIMHCTBE SKCIEPUMEHTOB OJJHOBPEMEH-
HOE U3MepeHre 4 mapamMeTpoB CUJILHO OOpeMEHHUTEIbHO M0 BpeMEeHH, TaKk Kak MpojoJ-
KUTEJIbHOCTh padOTHI ¢ OMHUM OOpa3IoM He JOJIKHA MpeBblmath 1 yaca. MI3mepenus

CHJI TIPOUCXOIAT CAEAYIOMMM 00pa3oM (cM. puc.24):

* Bpems arperauim — MOIIHOCTb HETIOJBUKHOW U MOJABUKHON ONTUYECKUX JIOBY-
HIEK MOJHUMAETCS 10 MAaKCUMyMa. 3aXxBaThIBAIOTCS ABa spuTponuta (puc.24al), c
MOMOIIIBIO MOABMKHOM JIOBYIIKY MTPUOJIMKAIOTCS APYT K APYTY U KOJUTMHEAPHO Tie-
PEKPBIBAIOTCSA MOBEPXHOCTSAMHU A0 MUHMMAJIBHO BO3MOXHOI'O KOHTaKTa (puc.24a2).
Jlanee onTUYECKUE JIOBYIIIKM MEPEKPBHIBAIOTCS U U3MEPSETCS BPeMs CIIOHTAHHOM
napHoit A9 (puc.24a(3-4)). Bpems arperauyu MoxHO olieHuBaTh (1) smrupuyecku
(Bpy4HYI0 ONIpEIeJIATh MOMEHTHI Hayala M KoHLa AD) niu (II) nporpammHo (3aBu-
CUMOCTh Kpa#HUX TOYEK SPUTPOITUTOB [ OT BpeMEHH allPOKCUMHPYETCs (PyHKITHEH

[(t) = lp — A x exp(%). Tem cambIM Bpemst arperaiun OyaeT paBHATBCS T).

e Cuna arperaliid — MOIIIHOCTh HEMOABUKHOW UM TMOJBUKHON ONTHUYECKUX JIOBY-
ek nosbimaeTcss 7o Makcumyma (30 mBr). 3axBaThiBalOTCS ABAa IPUTPOIUTA
(puc.2461), ¢ MOMOIIBIO TOABMXKHOM JIOBYIIKU TPUOJMKAOTCA OPYyr K JIPYry |
NEePEeKPhIBAIOTCS MOBEPXHOCTSAMU NpuMepHO Ha 40% (puc.2462). Janee cuna 3a-
XBaTa MOHOTOHHO yMeHbIaetcs (puc.2463), moka 3Ta cujia He CMOXET BOCIIpe-
MSTCTBOBATh CHJIe CIIOHTaHHOW AD (puc.2464). I3mepenus Ha omHOM oOpasiie
MOBTOPSIOTCS 5 pa3 ¢ pa3sHbIMU SPUTPOLIUTAMU B Pa3HbIX 4acTsX KioBeThl. Eciu
IpY U3MEPEHUH CUJjia CUJIbHO OTJIMYajiach OT U3MEPEHHBIX paHee, TO U3MepeHue

MOBTOPSIOCHh HA HOBOH Mape SpUTPOLIUTOB.

» Cwia fe3arperaiuu — MOIIHOCTbh HEMOJBWKHOW U MOJBUKHON ONTUYECKOH JIO-
BYILKHU NogHMMAaeTcs 10 makcumyma (30 mBT). 3axBaThiBaloTCSl ABa SpUTPOIIUTA
(puc.24B1), ¢ MOMOIIBIO MMOABUKHOW JIOBYIIKM MPUOIMKAIOTCSA APYr K IPYry |

MEPEKPHIBAIOTCS MOBEPXHOCTSAMU NpuMepHO Ha 40% (puc.24B2). [logBukHas o11-
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TUYECKasl JIOBYIIKA MepeMeIaeTcsi TakuM 00pa3oM, YTOOBI pa3JeuTh KJIETKH, HO
HE pasfesseT ux 10 KoHua (puc.2483). Eciu paznesieHre noyTu MojiHOe, TO JBa
SPUTPOLIMTA BO3BPAIIAIOT B HAYaJIbHOE MOJI0keHue (puc.24B82), cuiia 3aXBaTa MOHO-
TOHHO YMEHBIIAETCS, U 3aHOBO MPOUCXOAUT MOMNBITKA pa3eauTh KJIeTKU. Ecin oHa
YCIIEIIHA, TO IIark MOBTOPSIIOTCS 10 TeX MOp, MOKa CUIIbI 3aXBaTa OyaeT HeJocTa-
TOYHO, YTOOBI IPEJOTBPATUTH CIIOHTAaHHYIO AD (puc.2484). 3mMepeHust Ha OTHOM
oOpasiie MOBTOPSIIOTCS 5 pa3 ¢ pa3HbIMU IPUTPOIIMTAMH B PA3HBIX YACTSIX KIOBETHL.
Ecau rpu u3aMepeHnn Ciila CWIbHO OTJIMYAJIaCh OT UBMEPEHHBIX PaHee, TO U3Mepe-

HHUC ITIOBTOPAJIOCH Ha HOBOU nape SpuTpOUIUTOB.

» Cwia B3aUMOJEHCTBUS MEKY IPUTPOLIUTOM U SHIOTEIUEM — MOIIIHOCTh 3aXBaTa
OMyCKaeTcs 0 MUHUMYyMa. Jlajiee uieTcs SpuTPOLIUT, KOTOPBIA HAXOJUTCS Ha MO-
HocJsioe sHgoTeus. C nomonipio 3D cTonmka HEMOABUKHASL ONTUYECKAS JIOBYIIKA
MOMENIAETCSI POBHO HA SPUTPOLIUT, U JaJIe€ UJET NOCTENEHHOE YBEJINYEHUE MOIII-
HOCTH ONTUYECKOTO U3JIyYeHus (T.€. yBeJIMUEHUE CUIIbl 3axBaTa). Pukcupyercs ta
BeJIMUMHA CUJIbl, IPY KOTOPOW SPUTPOIIUT 3aXBATHIBAETCS B ONITUYECKYIO JIOBYIIIKY,
1 CBOOOTHO MOXET IMepeMeniaThCsl 0 MOHOCIO 3HAoTenus. V3MepeHus Ha ofl-
HOM 0Opas3iie MOBTOPSIOTCS 6-7 pa3 ¢ pa3HBIMU IPUTPOIUTAMHU B Pa3HBIX YaCTSIX
KIOBETBL. ECJM Mpy U3BMEpeHnN cuiia CUJIbHO OTJMYaiach OT UBMEPEHHBIX PaHEE, TO

HN3MCPCHUC ITIOBTOPACTCA Ha HOBOM 9PUTPOLUTC.

KanmopoBka j1a3epHOro muHIETA

Jlns uzmepenust cui ¢ momoinbio JIIT Heo6xoauma ero kaamOpoBKa: HEOOXOAUMO
HaiiTh KO3 PUIIMEHT MPONOPLMOHAILHOCTA MEX/AY MOIIHOCTBIO JIA3€PHOTO MyYKa U
CWIOHN 3axBaTa — B IpocCTeiieM ciiydae Ko3((UIMEHT MPOMOPIUOHAIBHOCTU () B
ypaBHeHHH 1.17. CyImmecTByeT MHOXECTBO METOAOB KaJMOPOBKHM ONTHUYECKOM JIOBYIII-
kv [197, 200], B TOM 4yucIie npy UCTIOIb30BaHUK MamHHOTO 00ydeHus [201]. BaxHo
OTMETHUTbh, YTO ONTUYECKASI CUJIa CO CTOPOHBI MyYKa MOSIBJSIETCS MPU OTKJIOHEHUU Ya-
CTHUIIbI B ONTUYECKOH JIOBYIIIKE OT TOJIOKEHUsT paBHOBecHs. [Ipu MajioM OTKJIOHEHUU
MOTEHITNAJI, CO3/IaBaMBbIi ONITUUYECKOM JIOBYIIKOM OJM30K K TapMOHUYECKOMY, TaK UTO
Fiaxpara = KAz, tne Ax = x — £ — 3TO OTKJIOHEHHE OT TOJIOKEHUsI paBHOBeCHS, a k —
KO3(p(PULIUEHT KECTKOCTH ONTUYECKOM JIOBYIIKU. Ha puc.25 npuseneHsl 3aBUCUMOCTH
CUJIbI ¥ IOTEHIMANA )15l chepUUeCKOi YaCTULIbl B ONTUYECKOM JIOBYIIIKE OT CMEIIEHHU S

JacTubl OTHOCHUTCJIBHO ITOJIOKCHUA PABHOBCCUA.
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(a) Bpema arperaunu

—
e

= OonTUYEecCKan AOBYLIKa —BpeMH
(6) Cnaa arperauumn (CA)

>CA F__<CA

onT. ont ont

= 0ONnTHYECKASA AOBYLIKa BpeMﬂ
(B) Cuna aesarperaunn (CA)

ont ont ont

= onTHYECKand AOBYLIKa —BpeMH

Puc. 24: doronsumocTpanus MpoueccoB n3MepeHus (a) Bpemenu napHoit AD, (6) cusl arperamun (CA)
u (B) cuibl ae3arperaiuu (CIL). Fi,; — cujla ONTUYECKOrO 3aXBaTa SPUTPOLIUTA.

B nanHo#t paboTe Mcnonb3oBagach TOIbKO KaimOpoBka no cuie CTokca, KoTopas
OCHOBaHAa Ha COMOCTABJIEHUH CUJI BSI3BKOTO TPEHUsl, NEMCTBYIOIINX HA YACTHUILY, TBUKY-
HIyI0CS B TIOTOKE, C CHIIOH onrtndeckoro 3axpara [203]. [Tpuuem kanmmOpoBKa 3akioda-
Jlach B HAXOXKAEHUM MaKCUMaJIbHOM CHJIbI 3aXBaTa MPU ONpeAeSIeHHON MOIIHOCTH (CM.
MaKCUMaJlbHble 3HaYeHHUsI CUJT Ha puc.25a). KannmOpoBka ocyiecTBisiach Cleayonum

CIIOCOOOM:

1. (I)I/IKCI/IpyeTC}I onpeacJICHHOC 3HAYCHUEC MOIIHOCTH JIA3CPHOI'O IIy4Ka, IaJarmero

Ha SPUTPOLIUT.

2. OauH 3pUTPOLUT 3aXBaThIBAETCS B OJIHY ONTUYECKYIO JOBYUIKY ¥ C IOMOIIb0 3D

CTOJIMKA HEMHOT'O MOJTHUMAJICS HaJl TOBEPXHOCTHIO (10-15 MKM).
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Puc. 25: Tunuuseiit npodus (a) cuisl 1 (0) moTeHMana st chepuvecKoi 4YacTHIbl B ONTUYECKOI
JIOBYILIKE NIPY €€ CMEILIEHUU U3 MOJI0KEHHUS] PABHOBECHU S B HAIIPaBJICHUU, TIEPIIEHIMKYJIIPHOM HallpaBJie-
HUIO PacCpOCTPAHEHHs JITa3epHOTO My4Ka (K mpumepy, ock X Ha puc.15). [Ipodwumm paccuntans aBTopom
muccepranuu B mporpamme Optical Tweezers Toolbox [202].

3. 3D cTonMK ¢ OMOIIbI0 KOHTPOJUIEpA HAUMHAET IBUTAThCS C MTOCTOSTHHBIM HEOOIIb-

M yckopenueM (1-4 mxm/c?).

4. Cuna BA3KOIrO TPEHUS YBEJIUYUBACTCS C YBEJMUYEHUEM CKOPOCTH, U B OIIPEIEICHHBINA

MOMCHT 9PUTPOLUT BbIIAAACT U3 ONTHUYECKON JIOBYHIKH.

5. ®uKCHUpYETCS 3HAYEHUE CKOPOCTH, ITPU KOTOPOM CUJIBI BA3KOIO TPEHUS OKA3aJINCh

OOJIbIIIE CHJIBI 3aXBaTa.

Tem caMbIM, B MOMEHT BbITIAIAHU S SPUTPOLIATA U3 ONITUYECKO JIOBYIIIKY CUATAETCS, YTO
CHUJIa BSI3KOT'O TPEHUSI paBHSETCS CUJie onThudeckoro 3axsarta [163]. I OLieHKH CUJIbI
BSI3KOI'O TPEHU S UCTTOJIb3yeTCs 3aKOH CTOKCa U1 YaCTHIL SJUTMIICOMJATIbHON (popmMBbl —
T.e. OopMa IPUTPOLIUTA AMMIPOKCUMHUPYETCs CIUTIONIEHHBIM JIJTUIICOUIOM, OOJIbINAs U

MaJjasi OCb KOTOPOro paBHsieTcs a U b:
F = —6Knnad, (2.3)

rie K — koadgdunment (paktop) popMbl A SJUMIICOUAA BpalleHus, 17 — K03 u-
LUUEHT JAUHAMUYECKON BSA3KOCTU CPefibl, U — CKOPOCTb YACTUIIbI B MOTOKE KUIKOCTH.

Jlist koapuimenTa /K CylecTByeT aHaIMTUYECKOE pellieHre, KOTOPOe MPU JBUKEHUN
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JIMIICOM/IA B HANIPABJIEHUH OoJiblieii ero ocu pasHseTcs [204]%7:

o %(c«Q —1)
o a(3a2-2) 9 1
e arctg[(a? — 1)2] — «

(o = %). (2.4)

B Ilpunoosicenuu 2. Yucaennwiii pacuem cunvt Cmokca 045 3pumpouyuma OnvicaHo
NpoAoDKeHUEe padoThI, HayaTol B OakajgaBpCKoil padore aBTopa aucceptaruu [206]
0 YKCJEHHOMY MO/IEJIMPOBAHUIO SPUTPOLIUTA B MOTOKE KUAKOCTH JIJIsI BAJIUJAIIMU UC-
MOJIb30BaHUS MOAUPUIIMPOBAHHOTO 3akoHa CTOKCA.

BaxHO 3aMeTHTh, UYTO BO MHOTMX MyOJMKAIUAX W paboTax MpHU armpoKCUMAaIlIU
puTpoLMTa chepouIoM BpallieHUsl aBTOPbI NPUBOAAT Ko dutineHT K 115 BBITSAHY-
Toro cepouna [207], Torna kak 6oee MpaBUIBLHO MCMONL30BaTh KOI(PDUIIMEHT IS
CIUTIOCHYTOTO c(pepouna, KOTOPHI MprBe/ieH Boile. OTHAKO 3TO MOYTH HUKAK HE JTOJIK-
HO BJIUATH TIPU CPABHEHUU CHJI OT Pa3HbIX 00pasIloB.

Wuorna B popmyiy 2.3 1o0aBsIOT TOMOTHUTEbHBINA (DAKTOP, YUUTHIBAIOLIUI O1U-
30CTh MOBEPXHOCTU KIOBETHI MPU MEPEMEIIICHUH IPUTPOLIUTA, TaK KaK B 9TOM Cliydyae
BO3pACTaeT CABUMIOBOE HaMpsKEHUWE W CUJia BSA3BKOTO TPEHHUs yBeIUuMUBaeTcCs. Takum

oOpasom, 3akoH CTOKca JIOTIOJHSIETCS ellg OHUM WICHOM [3:
F = —6K rnad, (2.5)

rae koaddurment S pasen [203]:

1
_ 9 (2‘6)
I - B - RG

A€ a — XapaKTCPHBIC PAa3MEPBI 3aXBATbIBACMOI'O O6"beKTa, h — PacCTOAHUC OT 3aXBaThI-

BaeMOro 0ObeKTa 0 TOBEPXHOCTH.
B nanHO# paboTe 6JIM30CTh K TIOKPOBHOMY CTEKJTy NPU KAIMOPOBKE HUKAK HE y4HU-

ThIBAJIaCh, T.€. CUMTAJIOCH, UTO [ = 1.

Bammaanuss MeToga n3MepeHHs1 CIJI B3aMO/AeCTBHS MeK/Iy SPHUTPOIUTOM U SH-

JA0TEJIMEM

80Omnaxo koadduiment K juis KamMOPOBKM B JIaHHOH paGoTe ObUT PACCUMTAH MO HEMHOTO M3MEHEHHO# (opMyIie, rie
BMecTo arctg[(a? — 1)2] purypupyer In[(a? — 1)2 + . [JaHHoe fonyiieHne GBUTO CIe/TAHO HAMEPEHHO C LE/TbI0 CPABHEHHUS
MOJTyYSHHBIX JIaHHBIX CO CTaphIMK pe3yiabraTamu. CM. MarucTepckyio paboTy aBropa auccepraiuu B [205].

°TIpu 3KCNEPUMEHTANBHOM 0GPabOTKE JJAHHBIX KATMOPOBKU BMECTO MONYOCH JUIMIICOM/IA @ MCTIONb30BANOCH 3HAYEHHUE
Gorpiieit ock 2 X a st ynooetsa. COOTBETCTBEHHO, KoadduimenTt K GbUT B 2 pa3a MeHbIIE.
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[Ipn BHUMaTEIbHOM PACCMOTPEHMHU METO/IA U3MEPEHUsI CUJIbI MEXK/1Y SPUTPOLIM-
TOM U 3HAOTEIUEM (CM. pasnen [Ipomokon usmepenus Ha Aa3epHom nuHyeme) MOKHO
OOHApPYKUTh KaXYUIYIOCS HECOCTOSITEIbHOCTh METOJA: U3MEPEHUE CUJIbI POUCXOJUT
IIPU SPUTPOLIUTE, JIEKALIUM Ha THE KIOBETHI, U [0 CYTU U3MEPSETCS CUJIA OTPBIBA IPUT-
pOLIMTA OT SHAOTENHS, TOTJAa KaK KaTMOPOBKA ONTUYECKOU JIOBYIIIKUA MPOUCXOJUT IS
pa3BepHYTOro spurpouura (cM. puc.l5). 3ameTnm, 4TO Jaxe NMPU HECOOTBETCTBUU
KaJIMOPOBKY MPH pacyeTe peaybHbIX CUJI a[re3un, JaHHOE JOMYyIIeHHe He JO0JIKHO TOo-
BJIMSITh HA OTHOCUTEJIbHOE U3MEpPEeHHEe CUJT [IJIs1 Pa3HbIX 00pa3IoB.

Takke BaKHO YYECTh, UTO T'PABUTALIMOHHBIMU CUJIAMH, JEHACTBYIOIIMMHU HA SPUTPO-
UT MOXHO TpeHeOpeusb. K npumepy, eciu B3sTh cpeanuit oobem spurpormra 100 ¢
[23], muoTHOCTh MwiazMel 1025 Kr/m>, ¥ IIOTHOCTL 3puTponura nopaaka 1100 kr/m?
[205], TO cyMMa rpaBUTAIlIMOHHOM U apXUMELOBOM crJibl cocTasiseT MeHee 0,1 mH.

C nmomoipio nporpammHoro nakera gt MatLab Optical Tweezers Toolbox [202]
aBTOPOM JUCCEPTALUU ObLIM PacCUMTaHbl MaKCUMAaJIbHbIE CHJIbI ONITUYECKOTO 3aXBaTa
(A = 1064 HM) U1 CIUTIOCHYTOTO JUIMNICOMAA BpamieHus ' © (Mepem. = 1,3, Nopmme. =
1,365) ¢ momyocsimu 2 U 1 MKM B ABYX MOJIOKEHUSIX: TUIOCKOCTh C OOJIbILIEi CTOPO-
HOW JIE)KUT B IJIOCKOCTHU KIOBETHI (IUTOCKOCTh XY, MOJIOKEHUE [) M MepneHIuKyIspHO
IJIOCKOCTH KIOBETHI (IIJIOCKOCTD XZ, nojiokenue 11, kak Ha puc.15). Pe3ynbTaThl uncien-
HOT'O MOJIEJIMPOBAHUS MpeIcTaBeHbl B Ta0.2. VI3 TabuIlbl BUTHO, YTO MaKCUMAaJIbHAS
ONTHUYECKasl CWJIa MPU CMEIIEHUU ONTUYECKON JIOBYHIKU MO OCU X JJIs1 MONoKeHus |
MeHble moyTy Ha 20%. [TpumMeHss JaHHYI0 OLIEHKY JJISl SPUTPOLMTA, MOXKHO CHEJATh
BBIBOJ], UTO IIPH MIEPEMEIEHUH €T0 110 SHAOTEIMIO0, OLEHUBAEMAs CUJIa 3aBbIIICHA MTPU-
MepHO Ha 20% OTHOCUTENBHO peasibHOM. Takke u3 TabJ.2 BUTHO, YTO MaKCUMaslbHasI
CWja MO OCU Z MoYTH B 4 pasa ais nonoxenus I u 2 paza ans nonoxenus II meHb-
e cwibl Mo ocu X. OpHako B mojioxkeHuu | Ha Mncou] JeACTBYET MOMEHT CUJIbI
II0 OCH Y — pacCuMTaHHas CUJIa «BPAllCHUS» COCTABIISAET MOPAJKA 5 OTH.€A., YTO B
3 pa3a MeHbllIe, YEM MO OCH X. TeM caMbIM, MOXHO JaTh OLEHKY CBEPXY MUHUMAJlb-

HO I/IBMepI/IMOﬁ CWJIbl aAr€3MKU PUTPOLUTOB, KOTOPAA HE NOJIKHA OBITh MEHBIIIE HYJIA:

Msmepennas cuia (mH)+0,8
3

BUTALIMOHHOW cuJibl. IcXoas M3 gaHHOro nmoaxonaa, CHJbl aare3nn, BbIYUCJIICHHLBIC IIO0

MuH.oneHka cuibl (mH) = — 0,1 (@mH), rae 0,1 nH — ouenka rpa-

KaJIMOpOBKE BhIIIE, NODKHBI ObITh Oosbiie 0,38 mH. JlaHHOE mMosokeHre OKa3aioch

CIpaBeIJIUBBIM JIJIS1 BCEX U3MEPEHUN.

103 1muncoun Bpamenns Mo MpoBas pUTPOLUT. PasMepsl ObUIH B3ATH U3 COOOPakeHUit MPOM3BOJUTETLHOCTH UCTIONb-
3yemoit DBM.
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Ta6mma 2: Pe3yabTaThl YUCIEHHOTO MOJEJTMPOBAHUS ONTUYECKUX CHUJI, ISHCTBYIOIIUX HA CIUTIOCHY ThIi
SJUTMTICOU/ B Pa3HbIX MOJIOKeHUsIX. CUJIbl IPUBEIEHBI B OTHOCUTEIBHBIX €JUHUIIAX, TOCKOJIbKY KJII0UEBOE
3HAYeHHE UMeeT He UX a0COMIOTHAS BEJIMYKMHA, a OTHOIICHUE MEXK/y CUJIAMU B Pa3JIMYHBIX KOH(pUTYpa-
USX.

Cuna ITonoxenue I | ITonoxenue 11
Makc. cuia 1o ocH X 13,8 17,4
Makc. cujia 1o ocu z 3,6 7,6
Cunano x / cnna no z 3,8 2,3

JLOTIOJIHUTETBHO TTPOBOAWINCH U3MEPEHUSA N Vitro, XapaKTEPU3YIOIIUE IBUKCHUE
SPUTPOIIUTA HA MOHOCJIOE SHIAOTEMS W CTeKJa MoJ AEHCTBUEM OpPOYHOBCKUX CHIL.
IInsa 10 oIMHOYHBIX IPUTPOLUTOB 3JAOPOBOTO JOHOpPA HA CTEKJIE M Ha SHIOTEJIUU
ObUT BHIUKCIICH KO3 duimeHT ux auddys3un no cpegHeKBaIpaTHUHOMY OTKJIOHEHUIO,
KOTOPBIA COCTAaBWJI AJI SHIOOTENUA mopsaaka 9 X 1073 mrm? /ceK., a I CTekJia —
8,5 x 1073 Mkm? /cex. B TO ke BpeMs CHIbBI aire3uy, H3MEPEHHBIE C TIOMOIIBIO OII-
TUYECKOro 3axBara, coctaBwm g aHgoremda 0,8 mH, a gng crekna — 1,1 nH. B
CBSI3U C TeM, 4TO OoJjiee BHICOKMIA MOKa3aTesb AU dy3un cCOOTBETCTBYET MEHbIIIEH CH-
Jie MEXAY IPUTPOLUTOM U TMOJIOKKOU, TO MOJyYEHHBIE JAHHBIE COITIACYIOTCS MEXKIY

COOOIA.

N3mepsiemblie mapameTpbl

C nomorupio ucnosabzyemoro JIIT MOKHO U3MEPATH CAEAYIOIINE TApaMETPBI:

e Bpems arperaium (Cek.) — XapaKTEPHOE BpeMs MapHOU AD, MOXHO U3MEPAThH
SMIIMPUYECKU WX ITPOrPaMMHO. B pa3zeiie pe3yapTaToB y Kaxaoro rpaduka, rae
OyIeT MpUCyTCTBOBATh 3TOT MapaMeTp, OyIeT IOMOJHUTEIbHO YKa3aHO, KaKk OHO

OBbLJIO N3MEPEHO/BBIYUCIICHO.

e Cuna arperanuu (mH) — 3To MMHUMAasbHAs cUjla, HeOOXoaAUMAas sl MPeA0TBpa-

IIEHUS CIOHTAHHOM arperanuuy JByX OTAEJIbHBIX SPUTPOILIUTOB.

* Cuna gesarperaimu (mH) — 3T0 MUHMMabHAS cUjla, HeOOXoAUMast 1Jis pa3/ere-

HUA MAapbl YACTUYHO IIPOArpEerupOBaHHBIX SPUTPOLHUTOB.

e Cua B3aMMOAEHCTBUSI MEXAY SPUTPOLUTOM U sHAOoTemeM (MH) — 3T0 MuHU-
MaJlbHasi cujia, HeoOXoaumast JJisl 3aXBaTa OJIHOTO IPUTPOIIUTA, HAXOAIIErOCs B

ITIOKOE€ Ha MOHOCJIOE€ SHOOTCIINA.
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2.2.5 IIndpoBas KaNMILIAPOCKONHSI

IIpuHnuMnuaJbLHasA cXxeMa YCTAaHOBKH
Jl1s1 BU3yanu3anuuy KanuuisipoB HOI'TEBOTO JIOKA YEJIOBEKA UCTIONb30BAIICS LIM-
poBoii Kamuisipockon «Kanmmisipockan-1» («A9T», Poccus), ocHaleHHbI BBICO-
kockopocTHo# [13C-kamepoit TM-6740GE (JAI, Anonus) c paspemenuem 640x480
nukcesei u yactotoit cbemku 100 kagpoB B cek. [1ocBETKa HOITEBOTO JIOkKA OCYIIECTB-
JII€TCS € MOMOIIBI0 CBETOAMOAHON CUCTEMBI OCBellleHUs. Mcnonb3yeTcs 1Ba BapuaHTa
yBeauueHus: 125-kparnoe u400-kpatHoe. 125-kpaTHoe yBeIMUEHUE TPUMEHSIIOCH AJIs1
MOJTyYeHU S TAHOPAMHBIX M300pakeHUI KanuyuisipHoro pycia. 400-KpaTHoe yBeTMUeHUe
MO3BOJISJIO NOJTyYaTh Oosee JeTallbHble N300paXeHusl HUPKYIUpYIollel B Kamuuisipax
KPOBH, HAJIMYME WU OTCYTCTBUE SPUTPOLIUTAPHBIX arperaToB U Jp.
[IpuHIMNMaIbHAs CXeMa YCTAaHOBKM KalWJUISIPOCKOIA NpuBejeHa Ha puc.26. Ka-
MJUIAPOCKOIT OCHAIEH Kamepoid, 3D cronmkom a14 e€ nepeMelieHns BO BCeX HallpaB-

JICHUAX, CUCTEMOU MMOACBCTKHU, TCJICCKOIIOM C UBMCHACMBIM YBCIIMYCHUCM.

Kamepa
TM-6740GE

Teneckon

3D cTonuk

[logocBeTka

Maney, <
NeBON pPyKU

Puc. 26: I[TpunnunuanbHas cxema KanwISIpOCKOIa, OCHAIEHHOTO KaMepOil, TeJIECKOTIOM M IMOICBETKOM.
3D cTOJMK MO3BOJIAET MepeMeniaTh OOBEKTUB BO BCEX HANPABJICHUSIX.

IIpoTokoua n3mepeHus

HccnenoBanre Ha KanvUISIPOCKOIE MPOBOAWIOCH noctie 15-20 MuH. oTpixa nanu-
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eHTa WM 3JI0POBOTrO JA0OPOBOJIbIIA B MOJIOKEHUHU CUJS B KOMHATE C KOHTPOJIUPYEMOM
TemMriepaTypoi B paiione 23 °C. MccienoBanue MpoBOAMIOCH Ha ITAJIbLAX JIEBOU pyKu. B
3aBUCUMOCTH OT BUJIMMOCTH KANWJUISIPOB, U3MEPEHUS MOLJIY IIPOBOJUTHCS HAa HECKOJIb-
KMX NajiblaxX, HO NPeIrOYTeHHE MMPU U3MEPEHUIX OTJABAJIOCH B CJIEYIOLIEM MOPSIKE:
Oe3bIMSIHHBIN TTaJIell, CPeTHUI Najiell, yKa3aTeIbHbIH najeil, Mususel. [1lpu usmepenun
naJiell oMeInascs noja 0ObeKTHB M Ha 00J1IaCTh SMTIOHUXM ST HAHOCUJIOCH KEeJIPOBOE MAacJIo,
KOTOPOE BBINOJIHSET POJib IIPOCBETIIsAI0NIEro areHTa [208].

TemriepaTypy KOXH U3MEPSIIM C THUIBHOM CTOPOHBI CpelHEN (pajaHry najibLa Mc-
MBITYEMOTO C MIOMOIIBI0 OECKOHTAKTHOTO TepMomMeTpa. CpeliHsisi TeMIiepaTypa rnajblieB
BCeX UcTbITyeMbIX Tiocie 15-20 muH. oTapixa coctapisia 33,2 + 1,7 °C. CyiiecTBeH-
HBIX pa3/IM4uil B UCCIIeyeMBbIX IpyIax HalJeHO He ObLIO.

DKCMEPUMEHTATOP B MPOIIECCE U3MEPEHUsI HAXOAUT 001aCTh SMOHUXUS U (POKYCH-
pyeTcs Ha npoAosbHbIX Kamwuisgpax (yeeaumyeHue 400X), pacnoOKEHHbIX OKOJIO OCU
LIeHTpa najibla. Jlasee ¢ moMOIIbI0 CHEeUAIbHON MPOrpaMMbl 3alUCHIBAIOTCS BUIEO-
(pparmMeHTHl TeYeHMSI KPOBU B KaNWJUISIPAX JJIMTEIbHOCTBIO 5 CeK. Kaxablid. i Kax-
J0TO MaIKMeHTa/340pOBOro J0OpOBOIbIIa 3anuckiBaeTcs 6—10 BugeodparMeHToB, 4TO B
o011ei cIoKHOCTH copepkuT uHopmanuio o 10-12 kanuuispax.

[Tocne skcnepuMeHTa BUAEO(PparMeHThl aHAIM3UPOBAIUCH C TOMOLIBIO MPOTrpaM-
MBI, pazpaboTtanHoit FOpuem Unbuuem [ypdunkenem u Auapem SAmaesbiv. [Iporpamma
MO3BOJISIET U3MEPSTH Psijl IAPaMETPOB, XapakTepusylonmx AD B Kanuuisipax in vivo.
B nepByio oyepenp, 3T0 ckOpocTh KanwuisipHoro kpoporoka (CKK). s onpenesne-
Hust CKK nporpamma crabunusupyet Bugeo(pparMeHT Mo BblACJIEHHOMY Kaluuisipy U
COXpaHSET MOJIOKEHUE IPUTPOLIMTOB U arperaToB Ha KaxaoM Kaape. [Janee rpu cpas-
HEHUU KaJIpOB BbIUMCJISIETCSI CKOPOCTh arperaToB U SpPUTPOLIMTOB, & TIOTOM YCPEAHSAETCS
3a Bce Bpems HaOmoaeHus. [TogpobHas npouenypa usmepenuss CKK onucana B ctaTbe
[209]. Tak:xe nporpaMma MO3BOJISIET AaBTOMAaTUYECKHM PACCUMTBIBATD CJIEAYIOIIME I1apa-
METPBI: KOJIMYECTBO IPUTPOLIMTAPHBIX arperaToB B MUH., CPEJHION0 TUIOIIA/lb arperaToB

KPOBH, KOJIMYECTBO arpe€raToB Ha IOTOHHBI MM.

N3mepsieMble napaMeTphl
[Tpu 06padoTKe BUAeO(pparMeHTOB, MOTYYSHHBIX C TOMOIIBIO KAMTMIISIPOCKOTA, MOX-

HO ONpeJIeIUTh CJIeIyIoIUe MapaMeTphl, XapakTepusyorme AD in vivo:

* Ckopoctb kKammuisspHoro kposoroka (CKK) (mkm/cek.) — ycpelHEeHHass CKOPOCTh

TCUYCHHA OTACJIbHBIX 9PUTPOUUTOB U arp€raToB B TCUCHUC MHTCPBAJIa U3MCPCHUA
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(5 cek.).

» Ko/iMuyecTBO 3pUTPOLIUTAPHBIX arperaToB B MUH. (IIIT./MHUH.) — OTHOIIIEHUE YUCIa
HaOJII0JaeMBIX arperaToB B Kalujulspe K MHTepBaly u3mepenus (5 cek.). Konnye-
CTBO arperaTtoB pacCUMTHIBAETCS MO YUCTY NepeceueHuid (PUKCUpOBaHHOIO MOTIe-

PEYHOIO CCUYCHUA KallWJLIApa.

* CpeHssA IUIONIAAb arperaTos (MKM2) — cpejiHsAs IJIOIa b arperaTtos, Ha0moa-
€MbIX 3a UHTepBasl uaMepeHus (5 cek.). [lnomans OAMHOYHBIX SPUTPOLUTOB HE

YUYUTBIBACTCA IIPU BBIYUCIICHUU JAHHOTO IIapaMeTpa.

» KoJinuecTBO arperaToB Ha MOTOHHBIA MM. (ILT./MM) — CpeJiHEE OTHOIIIEHUE KOJIU-
JyecTBa HAOJIIOJaEMBIX arperatoB B KamwuIspe K JIMHEHHOMY pa3Mepy Karmujuispa

3a MHTEepBAJ U3MepeHus (5 cek.).

2.3 Crarucruueckasi 00padoTKa JaHHBIX

JanHble OblM 00paboTaHbl, a rpaUKU MOCTPOSHBI C UCIIOIH30BAaHUEM HaTIKCaH-
HOI aBTOPOM JIMCCEPTALIMU MPOTrPaMMBbl Ha si3bIKe NporpammupoBanus Python. [JanHas
nporpamMma Haxoautcsi B OTKpbiToM pernosutopun GitHub [210] u nmo3BossieT Tak-
ke 0O0pabaThiBaTh U CUCTEMATU3UPOBATH JaHHBIE, TTOJTYUYEHHbIE C MIOMOIIBIO JIA3EPHOTO
arperometpa sputpouutoB RheoScan, iazepHoro ananmzaTtopa arperaiuu TpoMOOIH-
ToB AJIAT-2 u JIII. [Iporpamma rno3BoJisieT aBTOMAaTAYECKU CTPOUTh Pa3JIMYHbIE TUIIbI
rpaguKOB ¥ pacCUUTHIBATh CTATUCTUYECKYIO 3HAYUMOCTh MEXKy BHIOOPKaMH, paccuu-

TBIBaTh Koppessanuu. YacTe pe3ynbTaToB Oblla 0OpadoTaHa ¢ MOMOIIBI0 MPOrPaMMBbI
Origin 2024.

2.3.1 OnpeaeneHne CTaTUCTHYECKONH 3HAYNMOCTH

B nocnenyonux riaBax Ha pUCyHKax OTOOpakeHbl KOpoOdaThie JUarpaMMmbl, Ha
KOTOPBIX HUKHSISI U BEPXHsisl TPaHUIla MPSMOYTOJIbHUKA COOTBETCTBYET nepromMy (Q1)
U TpeTheMy KBapTWIsM (Q3) ¢ MeIrMaHOW BHYTPHU JAAHHOTO MPSIMOYTOJIbHUKA. YCBI Ha
pYCYHKax 0003HAYAIOT CTaHAAPTHBIE OTKJIOHEHUs, CpeHNe 3HaueHUs (Oesibie poMOBI)
HaxogATcs nocepeaute. CTaTUCTUYECKYIO 3HAUYMMOCTh MEXAY IKCIIEPUMEHTAIbHBIMU
IpynmaMu onpeessuii ¢ IOMOIIbI0 HelapaMeTpuyeckoro recra bpynuepa-MioHiens,

CCJI1 B IIOAIMMCH K PUCYHKY ABHO HC YKa3aH IIPYFOI';I I/ICHOJIL?;yeMBIﬁ CTAaTUCTUYECKUM
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TecT. J{Be BBIOOPKHU, MPEACTABIISIONTNE SKCIIEPUMEHTAILHBIE TPYIIIBI, CANTAIUCH CTATH-
CTUYECKH 3HAYMMO Pa3JIMYaloNIMMUC, €CM 3HaueHue p Obi1o MeHble 0,05 (x : p <
0,05; %% : p < 0,01; %% : p < 0,001, x%x % : p < 0,0001). JanHbIe B TAOJUIAX MTPE/I-
CTaBJIeHbl KaK CpeJJHee 3HaUeHue + CTaHJIapTHOe OTKJIOHeHue uiu ommoOka.  Takke
B IIpunooicenuu 3. Pacuiupenue naprnozo nepmymayuoHHo20 mecma aBTOpPOM JAUCCEp-
Taruu ObUT pa3padOTaH HOBBIM HEMApaMETPUUECKUIA TECT IS pacyeTa CTaTUCTUUECKOM
3HAYMMOCTH MEXK]Y 3aBHCHMBIMU BHIOOPKaMU Ha OCHOBE MapHOTO MEepMYTalMOHHOTO
TecTa. JJaHHBIA TeCT MO3BOJIsAET U30EKATh JIOKHOMOJOKUTEbHBIX 3aKJII0UEHUH, KOria
HAOJII0JAI0TCS] CTATUCTUYECKUE PA3IMUMsl IPYU CPABHUTEILHO OOJBIION OIIMOKE U3Me-

PEHHUA ITPHU UCITOJIL30BAHUU OPYI'UX TECTOB C 3aBUCUMbIMHA BbI60pKaMI/I.

2.3.2 Pacuer koppeJsnuil Me:K/1y napamMmeTpamMu

Koppensauuu B ocie1y0lux [JiaBax pacCUATaHbl 4yepe3 Koa(ppuumeHTs Koppes-
uuu [Iupcona wim Crnimpmena [211]. KoadgduumeHTsl Koppesiuy OLeHUBAIUCh CJlie-

AYIOIMM 00pa3oM, ITPUBEACHHBIM B Ta0J1.3.

Ta6muma 3: KonmmuecTBeHHBIE KPUTEPUH OLIEHKH KO3 durenTa Koppensuun. JlanHbie nepepadoTaHbl
u3 [212].

Koaddunment koppensauum | XapakTepUCTUKA KOPPESIUU
| > 0,7 CubHast

0,5 <|r| <0,7 Cpennsist

0,3<|r| <0,5 Cnabast

Ir < 0,3 Her

Koppensuus [Iupcona — 3To napaMeTpuieckuii TECT Ha KOPPEIALMIO MEXY JIBY-
M HENPEPBIBHBIMU NEPEMEHHBIMU. [lonyIeHus 11 MPUMEHEHUS TECTA CJIEAYIOIINE:
HOpMaJIbHOE paclipejie/ieHle, HE3aBUCUMOCTh HAOJIOACHUI U JIMHEeHasi 3aBUCUMOCTb
ABYX nepeMeHHbIX. Eciii nepBoe npeanosokeHue, TO €CTh HOPMAJIbHOCTh JaHHBIX, HE
BBINOJIHSIETCS] WJIM €CJIA OJIHA TIEpeMeHHas sIBJIseTCsl MOPSIAKOBOI 10 CBOEH nmpupoze,

NPUMEHSJICS HeMapaMETPUUYECKUI TeCcT Koppesauuu CriupMeHa.
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[TTIABA 3. MUKPOPEOJIOT'M KPOBU ITPU COLINAJIBHO-3HAUYNMbIX
3ABOJIEBAHUAX

B pamkax Hay4HO# paOOTHI IO M3yYEHUIO MUKPOPEOJIOTMUECKHX IMapaMeTPOB KPOBU
ObUTIM MPOBEJIEHbI U3MepeHusi Ha KpoBH Oosiee 500 malreHToB, NOCTYUBIINX B KapaAuo-
sornyeckoe otraeneHne MHOLL MI'Y umenu M.B. JIomonocoBa ¢ 2017 o 2024 roxa. B

3aBUCHUMOCTH OT 3aJ4a4U1 BCC ITAIUCHTHI JCIINIIMCHh HAa ITOATPYIIIILI IIPU aHAJIU3C TAHHBIX.

3.1 BumsHIe 0CHOBHOI0 H CONMYTCTBYIOIIEro 3200/ 1€BaHUA HA

MHUKPOPeoJorudecKne napaMmeTpbl KpOBH
3.1.1 I'pynmnsbl nanyeHTOB

B naHHOM paspesie ObUIO MPOBEICHO CpaBHEHUE MUKPOPEOJIOTMIECKUX TTApaMeTPOB
NpY pa3JIMYHBIX 3a00JIeBaHUsAX. B KauecTBe paccMaTpuBaeMbIX 3a00JIEBaHUIA BBHICTY-
najm cjefywolnue: aprepruaibias runeprensus (Al); umemMudeckas 0oe3Hb cepia
(UBC); caxapusiit quadet 2-ro tuna (CH2T); pudbpumismus npencepauii (PIT). Beero
OBbLIO BBIJIEJIEHO 6 TPYMIT MAIMEHTOB C pa3HBIM HAOOPOM MPUBEAECHHBIX 3200JeBaHUN 1
KOHTPOJIbHAS TPYIINa U3 3J0OPOBBIX JOOPOBOJBIEB. Y BCEX MCCIIeIOBAHHBIX MAIIIEHTOB
cpenu 3adoneBanuii Obiia Al B Ta61.4 npuBeeHbl Xapak TEPUCTUKHU BO3pacTa, roja u

pasmMepa UcClielyeMbIX TPYTIIL.

Ta6auna 4: [lanabie BO3pacTa 1 MoJia 1o UCCISAYEMbIM I'PYIIIaM ¢ Pa3IMYHbIMK JUarHo3amMu. ApTepu-
anpHas runeprensus (Al); nmemudeckas 6onesns cepana (MBC); caxapnsiii quadet 2-ro tumna (CI2T);
pubpumsamsa npencepauii (PIT1). M — mysxunnsbl, K — keHiuHb, SD — cTaHIapTHOE OTKJIOHEHHE.

I'pynna naumenros/goHopos | N | M/ 7K (cpe]ilzliiaiTSD)

HOPMA 27 | 19/8 23+4

Al 101 | 48 /53 61+14

AI'+UBC 56 [43/13 68+12

AT'+PI1 73 | 38/35 71+10
AT'+NBC+®PI1 65 |45/20 76%9
AT+CI2T+PII 44 122/22 70+11
ATl'+UBC+CI2T+PII 39 120/19 7248
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3.1.2 Ilousy4deHHbIe Pe3yJabTaThl M HX AHAJIN3

JJ1s1 IpyBEIEHHBIX TPYIII NAMEHTOB POBOJMJIOCH CPABHEHUE 110 NTapamMeTpam, Xa-
paktepusyomum AD u [I3: unnekc arperamyu (Al), XxapakTepHoe BpeMsl arperaivu
5puTpOIUTOB (77 /2), TAIPOANHAMUYECKAST IPOYHOCTH arperaTon (C'SS), a Takxke WH-
nekc aedopmupyemoctu ripu 3 I1a (D). [TonydeHHble JaHHBIE IPUBEACHBI HA pUc.27.
It Kaxaon rpymibl Obl1 paccunTad Kputepuid [lamipo-Yuika, KOTOpelii HE COOT-
BETCTBOBAJI HOPMAJIbHOCTH JaHHBIX — CTATUCTUYECKAasi 3HAUMMOCTb PACCUATHIBAIIACH C

rnomMolipio Tecta bpynnepa-MioHnens.
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Puc. 27: (a) Nnpexc arperanuu Al (10 cek.), (6) xapaktepnoe Bpema AD T 9, (B) ruapoaMHaMuye-
ckas npoyHocTh arperatoB C'S'S u unaekc nedopmupyemoctu ripu D1 3 Tla ajis rpynn NaieHToB ¢
PasIMYHBIMK OOJIE3HSIMU U COIMY TCTBYIOIIUMHY 3a00JIeBaHUsIMUA. ApTepuanbHas runieprensus (Al); uiie-
mudeckas 6omne3nb cepana (MBC); caxapawiii quadet 2-ro tuna (CH2T); ¢pubpumisanus npeacepanit
(®II). CraTuctryeckas 3HaUMMOCTb PaCCUMTaHa ¢ MOMOIIbI0 TecTa bpyHHepa-Mionuens. * : p < 0, 05;
xk 0 p < 0,01; % %% : p < 0,001, «%xxx : p < 0,0001. HecoorBeTcTBHUE KOJWYECTBA 3HAYCHUI
IUTSL ONpeieJIeHHOW TPyNIbl IPU PaCCMOTPEHUH Pa3HBIX MTApaMeTPOB CBSA3AHO C HAJIMYKMEM BHIOPOCOB B
JAHHBIX.

Ha puc.27a BuaHO, 4TO TIpU paccMoTpeHur mapamerpa Al 1uis rpymm manyeH-
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TOB TOJILKO ¢ Al" ¥ ¢ COMyTCTBYIOITUMU 3200I€BaHUSIMU HAOTIOAAI0TCS CTATUCTUYECKU
3HA4YMMBbIE OTJINYMS, K Npumepy, mexay rpymmnoil AI' u AI'+PII (p < 0,05). Ina na-
pameTpa T’ /> HaOJIOIAETCA aHATOrMYHasA 3aBUCUMOCTh. Ha puc.27a-r BuHo Gonbiioe
MEPEKPHITHAE MMAPAMETPOB MPU PACCMOTPEHUU NMPUBEIEHHBIX I'PYMIl. JTO 3HAYUT, UTO
Mo MapamMeTpaM, xapaktepusyomuMm AD u [ID Helb3s OIHO3HAYHO CKa3aTh, K KAKOH
rpyIe NpUHAJIEKUT MalueHT. AD pacTeT NpU HAJIWYUKM MPUBEJCHHBIX BhIIIe 3200-
JIeBaHUM, IPUYEM COMYTCTBYIOIIME 3a00JIeBaHMsI TAK)Ke TOBBIMIAIT AD, XOTh U HE TaK
3HAYMMO, KaK IIPU MOJTHOM UX OTCYTCTBUU. IHTEpECHO, YTO TMAPOAMHAMHUYECKAS IPOY-
HOCTb arperatoB yMEHbIIAETCs [IPU PACCMOTPEHUN HEKOTOPBIX COIMYTCTBYIOIIMX 3a00-
neBaHuil (cM. puc.27B). Bo3MOXXHO, JaHHOE U3MEHEHHUE CBA3aHO C KOMIIEHCATOPHBIMU
MexaHu3Mamu AD. 1D CTaTUCTUYECKU 3HAYMMO YMEHBLIAETCS IIPU CPAaBHEHUU Py
HOPMA < AT'+BC; HOPMA < AT'+CI2T+®IT; HOPMA <> AI'+UBC+CI2T+®PIT. Tak-
e HaOJII0JaeTCsl MEKTPYIIIOBOE PAa3IMUUe MEXy IPyNaMy NalleHTOB.

He Ob110 00HApYKE€HO CTATUCTUYECKU 3HAUUMBIX Pa3IMYMil MeX 1y NPUBEJCHHBIMU
napaMeTpaMu Mpyv CPABHEHUH MOJTPYIIT MY KUMH U KEHIIMH B OJHOM rpyrre 3a0oseBa-
Huid. OiHaKo noBbilieHHass AD y xeHIuH HaOmonanach B rpyme AI'+UBC+®II, XoTh
JaHHOE pa3MuKe He ObLJIO CTATUCTUYECKU 3HAYMMBIM.

BaxHO OTMETHUTB, YTO OTIMYMS MEKY KOHTPOJBHOW I'PYIIION U OCTAIbHBIMU TPYII-
MaM¥ OTYACTHU OIpPeAeJIEHO TEM, UTO HAOMOAAI0TCS OOJIbIIIME Pa3INuus B CPeTHEM BO3-
pacte (cM. Tabn.4). Tak, cpeauuit Bo3pact mis rpynnsl HOPMA cocrapnsiet 23 ropa,
TOrAa Kak ISl TPynn maiueHToB — nopsaka 60-70 ser. Mexay Tem U3 JauTepaTypbl
W3BECTHO, YTO C Bo3pacToM AD nosblaercs (cM. pasgen 8.1.2 B [4]).

['pyniribl pa3aesvnian Ha MOArPYHIIbI [0 NPUEMY aHTUKOATYJISIHTOB WJIM aHTUAr peraH-
TOB. AHTHUKOATyJISIHTBI TOJABJISIOT 00pa3oBaHue TPOMOWHA, PENATCTBY s CBEPTHIBAHUIO
KPOBH, & aHTUATPETaHThl OJIOKUPYIOT TPOMOOIIMTAPHBIC PELIeNTOPHL. B oTinume oT HUX,
aHTHArperaHThl BO3JEICTBYIOT Ha TPOMOOIIUTHI, OJIOKUPYS PEIENTOPhl HA MX MOBEPX-
HocTH. [lonyuyeHHsble pe3ysbTaThl IpUBEACHBI Ha puc.28. I1pu pacuere cTaTUCTUYECKON
3HAYMMOCTHU UCTIONb30BaJIach nornpaska boHgpeppoHu, 4TOOb KOHTPOIUPOBATH OLIUOKY
nieporo poaa. M3 puc.28 BuaHO, 4T0 AD MOBBIIAETCS NPU HAJTMYUU aHTAATPETAHTHOM
Tepanuu y rpynns! naupeHtoB AI'+®II. I'mapoauHamuyeckas NpOYHOCTh arperaTroB
CTATUCTUYECKU 3HauMMO nosbiieHa B rpynne AI'+CI2T+®II npu aHTHarperaHTHOM
TEpanvv U CTATUCTUYECKU 3HAYMMO MOHMKEHA NPU AHTUKOATYISHTHOU Teparnuu. AT
CTATUCTUYECKU 3HAYMMO OTJIMYAETCS MPY HAJTMYMU TOW UM UHOM Teparuu TOJbKO IS

rpynsl AI'+UBC. TTonyueHHble pe3yibTaThl onyOarkoBansl B [198, 213—215].
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Puc. 28: 3apucumocts napamerpos 15, C'SS u cTenenu arperauuu i IpyIil HAlHUEHTOB C Pa3jny-
HBIMH OOJIE3HSIMU 1 COMY TCTBYIOIIMMU 3a00JIeBAaHUSAMU MTPHU HAJTMYMHU aHTUKOATYJISTHTHOW MJIM aHTHArpe-
rantHoi Teparmu. [lorpemmHocT — cTaHgapTHHIE OMKMOKKH. CTaTUCTHYECKAs 3HAYMMOCTh paccurTaHa
¢ noMoIneio Tecta BpyHHepa-MioHIesst ¢ nmonpaBkoii boHbeppoHH U TpHBeieHa Ha PUCYHKE TOJIBKO
Mexay noarpynnamu. * @ p < 0,05; xx : p < 0,01; % x * : p < 0,001, * * xx : p < 0,0001.
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3.2 Koppeasinuu MUKpPOPeoJOrn4ecKuX NapaMeTpoB KPOBH
3.2.1 I'pynnbl nanyeHTOB

B nanHOM pasjesnie npuBeAEHO CPaBHEHUE arperalMoHHbIX ITapaMeTpOB, U3MEPEH-
HBIX i1 Vifro C TOMOILBIO JIA3EPHOU arperoMeTPUM 1 JIA3EPHOTO IIMHIIETA, C TapaMeTpaMy,
V3MEPEHHBIMU i1 VIVO C IOMOUIbI0 HU(PPOBON KaNWJUISPOCKOIMU. AHAIN3 TPOBOAMIICS
IJIA TEX K€ IPYNI HAlMeHTOB, YTO U B IIPEAbIAYLIEM pasjelie (CM. IyHKT Bausanue co-
RYMCMBYOUUX 3a001e8aHUI HA MUKPOpeoaozu1ecKue napamempul kpogu). bult npo-
BEJICH KOPPEJIALMOHHBIN aHAIN3 JaHHBIX, PE3YJIbTaThl KOTOPOIO IIPUBEACHBI HAa pUC.29.

PaccmaTtpuBasiuch ciiegyioiye napameTphl:

» Kiimnnueckne nmokasarteju: CKOpocTh ocenanus spuTpoiutoB (CO) u oOmwmii
oeiok (OB).

* [Ioka3areJb in vivo: ckopocTh KanwuisipHoro kpoeotoka (CKK).

* Iloka3arenu in vitro: vaaekc arperaiuu (Al), ruagpoguHaMuYecKast IPOYHOCTb
arperaToB (C'S'S) — nmaHHBIE MapaMeTpsl XapakTepu3yoT AD B aHcaMOJie; BpeMs
arperanuu (Tarp,)11 — XapakTtepu3yeT AD Ha yPOBHE OJJMHOYHBIX KJIETOK; CTEIEHb

arperaru TpomoormToB (Ctenenb Arp. Tpom0.) — xapaktepusyet AT.

3.2.2 Ilousy4deHHbIE Pe3yJabTaThl M UX aHAJIN3

Wupekc arperaiiuu SputpouutoB Al MONOKUTELHO CTATUCTUYECKHN 3HAYUMO KOP-
pespyeT ¢ TMAPOANHAMUUYECKON MPOYHOCTHIO arperatoB C'S'S' 11 ClieAyIOIUX TPy
nanueHToB: AI'+®IT; AT'+UBC+®IT; AT+UBC+CI2T+PII, Torga Kak st rpyIi mna-
meHToB Al'; AT+UBC; AT'+CHO2T+®II ctatucTUyecK 3HAYMMON KOppeJIsiu He 00-
HapyXeHo (cM. Ta0i1.5). Takke MosoKUTeIbHAS KOPpeslrs oOHapysKeHa JJIsl TPYIIIIbI
3JI0POBHIX J100pOBOJIbIIeB. OOHApPYKEHHbIE PA3UYUs B KOPPEJSAUUA MEKIY TaHHBIMU

napaMeTpaMu MOTYT ObITh OOBSICHEHBI CJIeIyIOIIMMU IPUYMHAMU:

e Poap ®II. [Tpu PII HapymaeTcss KpOBOTOK BCJIEICTBUE HEPETYJISPHBIX CEPACUHBIX
COKpAIICHWIA, YTO MPUBOAUT K BO3HUKHOBEHHUIO 3aCTOSI KPOBU U (POPMHUPOBAHUIO
TYpOYJIEHTHOTO MOTOKa. [laHHbIE M3MEHEeHUs1 OMpeeIeHHO BeAYT K MOBBIIICHUIO
W3MEHUYMBOCTH C/IBUTOBBIX HANPSIKEHWI B CEPILIE, UTO, BOZMOXKHO, BEJIET K MOBBI-

HIeHUo AD, 4TOOBl CHU3UTh BOZHHUKAIOIIYIO TYPOYJIEHTHOCTh 32 CUET MOBbIIICHUS

“Tarp, OLIEHMBAJIOCh SMIUPUYECKU (CM. yHKT [Ipomokon uzmeperus Ha Aa3epHom nuHyeme).
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BA3KOCTHU KPOBH, 4 TAKKC K INOBLIIMICHUIO T’ I/I,I[pOI[I/IHaMI/ILICCKOIU/I IMPOYHOCTH arpera-

TOB [IJ1s1 OOJIBITIeH CTAaOMIILHOCTH arperaToB B TYpOYJEHTHOM KPOBOTOKE.

Poas UBC. B GonbmmacTBe ciiydaeB UBC compoBokaaeTcs: aTepocKIepo3oM, a
MMEHHO 00pa30BaHUIO OJISIIEK, COCTOSIIUX U3 JIMIUIO0B, COEAUHUTENBHON TKaHU
U Ip. ATEpPOCKJIEPO3 BO3HUKAET IPU BOCHAJIEHUU CTEHOK COCYy[a, U OJHOBPEMEH-
HO CJIY’KUT MCTOYHMKOM BocmnajeHus. Bc€ 3TO mMpUBOOUT K M3MEHEHUIO COCTaBa
MJ1a3Mbl KPOBU, UYTO B CBOIO OYepe[lb BIUSET HA AD U TaKke MOXKET BJIMSTh Ha

szagucumocth Al or C'SS.

Poaw CI2T. Ilpu CHA2T nepopMupyeMOCTh IpUTPOLIMTOB CHUKAETCS, YTO MOXKET
Hapymiath nporiecc AD, 4To B CBOIO ouepenb MeHsieT 3aBucuMoctb Al ot C'SS.
B rpynnie AI'+CII2T+®II 3T0 MOXET HMBEJIMPOBATH KOPPEJALMIO, HECMOTPS Ha
Hammure PI1. Ognako B kombuHanuu ¢ UBC (rpynma AI'+UBC+CI2T+PII) cu-
CTEMHOE BOCHAJICHUE U SHOTEMAbHAS TUC(PYHKIIMS MOTYT IepeBeCUThb 3P (PEKTHI

CJHI2T, BoccranaBimBasi cBsizb Mexay Al u C'S'S.

Poab AI'. AT xapakTepu3syeTcs MOBBIIIEHHbIM [aBJIEHUEM U CIIBUTOBbIM HaIIpsi-
*eHreM B KpoBu. [1oBeiieHHass AD B 3TOM cily4yae, BO3MOXHO, BOSHUKAET BCJIEI-
CTBUE KOMIIEHCATOPHBIX MEXAHU3MOB [IJI51 TO/IIEPKaHM s ONITUMAJIbHOTO 3HAYEHU ST
BA3KOCTH. OJIHAKO MPU CUCTEMATUYECKU MOBBIIEHHOM [JIaBJIEHUU NIPU OTCYTCTBUU
ApYrux (pakTOpPOB MPOYHOCTb IPUTPOLIMTAPHBIX arperaToB MOXKET OCTaBaThCs Ha

OIHOM YPOBHE. DTO MOXET OOBSICHUTH OTCYTCTBUE Koppensiun Al u C'SS nipu
AT

CpaBHeHue KOppeJIsauuii MapaMmeTpoB B HOPME € KOPPEIALUAAMHU IPU TATOJIOTMU MO-

JKET OBbIThH HCOOHO3HAYHbIM, ITOCKOJIbKY 3a CXOXHNE KOPPCIIAINN MOT'YT OTBEYATh PA3HBIC

npotiecchl. iMeHHO rmosTomy nosoxkutespayIo koppensauio Al u C'S.'S B HOPME (cwm.

Ta0J1.5) HeJb3s HANPSIMYIO CPAaBHUBATD C TIOJIOKUTEIbHBIMU KOPPEJALMIMU P MATO-

norusix. [onoxurensHas koppessuus B HOPME ckopee Bcero o0yciosiieHa mpsiMoid

CBA3bIO MCKOY 06p2130BaHI/IeM arperaTtoB U UX IIPOYHOCTHIO, TOI'Id KaK IIPpU UCCIICAYC-

MBIX 3200JIeBaHUSIX MATOJIOTUYeCKre (paKTOPhl MPEBATUPYIOT, IPUIYEM MPU PA3TUUHBIX

ocnoxHeHusix koppensiust Al ¢ C'S'S usmensercs.

Bei1o mosydeno, uto napametpsl Al u C'S.S NOJTOKUTEILHO KOPPEJIUPYIOT C mapa-

MetpoM COD moutu mist Bcex rpynn (cM. puc.296-r,e). EnuHcTBEeHHOE, 1Jis1 TPYIIIbI

AT+CJI2T+®II He oOHapyxkeHO KoppeJsiuu Mexay napamerpamu COD u Al (cwm.
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puc.29x1), u g rpynnsl Al Koppessiiii JaHHBIX MapaMeTPOB HEMHOT'O MEHbIIIE T10-
pPOrOBOro 3HAYEHUs ISl BbIsIBIEHUs1 ciaboit koppensiyu (r < 0,3) (cm. puc.29a).
[Tapamerp COD aBnsercs HecrienU(PUIECKUM [TOKA3aTeJIeEM, KOTOPBIA 3aBUCUT OT MHO-
rux (pakTopoB, B TOM uucie oT AD. OTCYyTCTBUE BbIPAKEHHON KOPpESALIAY TapameTpa
CO3 ¢ mapamerpamu AD MoxkeT ObITh BaXXHbIM (haKTOPOM IPU aHAJM3e MapaMeTpoB

KPOBH ITAITUCHTOB.

Tadauna 5: Koppensaus mapamerpoB Al u C'S'S B HopMe U maTonoruu. KpacHbIM 11BETOM BbIjIeJICHBI
TPYIIBL, T1e OOHAPYKEHBI MOJIOKUTEIbHBIE CTATUCTUYECKU 3HAUUMbIE KOPPEJISIINY.

Juarsos N | Koapduument koppensuuu [Tupcona (r) | Cratuctiuueckas 3HauMMOocCTb (p value)
AT 97 0,13 0,211

AI'+MBC 52 0,27 0,056

AT+CHO2T+PIT 43 0,12 0,460

AT'+PI1 71 0,51 0"

AT'+UBC+PIT 64 0,31 0,012
AT+UBC+CI2T+PIT | 38 0,48 0,002

HOPMA 27 0,54 0,005

KoppensaunoHHbIM aHaJIM30M Ha puc.29 MoKa3aHo, YTO U3MEPEHHBIE in Vivo TMOKa3a-
Tesm AD He KOppeIupyIoT ¢ U3MepeHHbIMH in vitro okazarensmu Al u C'SS. Onnako
HaOJII0JaeTCs UX KOPPEJISIUS ¢ TapaMeTpOM BPEMEHH arperaiuyd OJUHOYHbIX IPUTPO-
uToB Ty, . CrOpee Bcero JaHHoe oOCTOATENBCTBO CBA3aHO ¢ TeM, uto Al u C'SS
n3MepsieTcsl B KIOBETaX, TOJIIMUHA KOTOPBIX cocTaBisieT okoyio 200 MKM, 4TO OOJbIIe
COOTBETCTBYET MEJIKUM COCYyHaM, HO HMKaK He KamwuisipaMm. [loatomy Habmomaercs
KOppeJIslus in vivo mapaMeTpoB (Takke MPUCYTCTBYET KOppeJslivs ¢ IpyruMu mapa-
METPaMU, KOTOPBIE ONYILEHBl B HACTOALIEM aHaIU3€e) C T , KOTOPBIA XapaKTepU3yeT
BpeMsi 00pa30BaHKS MAPHOTO IPUTPOIUTAPHOrO arperara. BaxHo OTMETHUTD, YTO KOp-
pensaumu Mexay CKK u T, Tak ke, Kak ¥ Mek/y KOJIMYECTBOM arperaros Ha OrOHHbIHA
MM U Tyrp. HAOMOAIOTCA KaK IOJIOKUTENBHBIE, TAK U OTpULIaTeIbHble. K npumepy, as
rpynn Ha puc.29a-1 HaOmonaetca nonoxurensHaa koppenauusa CKK ¢ Ty, a ana
rpynmbl nareHToB AI'+UBC+C2T+®PI1 HabmogaeTcss oTpuiiateabHass KOppesaius
(r = —0,45) (puc.29¢). IlonoxurenbHass KOPpEIsALUMs MEXIY IaHHBIMU [apaMeTpa-
MU O3HA4yaeT TO, YTO, YeM JI0JIbIlIEe IPOUCXOJUT arperauus ABYX SPUTPOLMUTOB MPHU UX
koHTakTe, TeM Bbilie CKK; orpunatenbHas koppessuus — Hao0opoT. Ckopee Bcero
nosrydyeHHsle pe3yabTaThl 11 rpynnsl Al +UBC+CI2T+®II roBopsT 0 TOM, YTO y JaH-

HOM I'pyNIbl MALIMEHTOB MIPUCYTCTBYET KOMIIEHCATOPHBIA MEXaHU3M A, NMPUBOAALLNNA

rvn—2
V1—r2
CIIpaBEOJIMBOCTH HyﬂeBOﬁ TAINOTE3bI 9Ta CTaTUCTUKA CJIEAYET t-pacnpeneneHI/Ho ¢ n — 2 cTeneHsIMHA CBO60)_II>I. 3HaueHne p-

YPOBHS 3HAYMMOCTH Bbruucistercs Kak p = 2 - (1 — Fy(|t|, n — 2)), roe F} (¢, n — 2) — dynkuus pacnpeaenenus CTbiogeHTa
¢ n — 2 creneHsaMu cBOGOABL. [T09TOMY MOTYT OBITh 3HAYCHHUS P [IOYTH HEOTIMIMMBIE OT HYJIA.

12Jns mpoBepKH CTATUCTUYECKON 3HAYMMOCTH MCTIONB3YeTCs t-CTATUCTHKA: ¢ = , TIe n — o0beM BbIOOpKH. [1pu
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K YBEJMYEHUIO CKOPOCTU KAMMWIISPHOTO KPOBOTOKA, YTO, COOTBETCTBEHHO, YJIy4llIaeT
nepdy3uIo TKaHEW.

XoTh cpefHee 3HaueHHe KoHIeHTparmu odmiero Oenka (OB) y Bcex rpymm ObuU1O
npuMepHO oguHaKOBbIM (~ 70 r/m), umenno s rpynnsl Al +UBC+CO2T+®PIT nadmo-
naetcs nojioxkureabHas koppesauus mexay CO3 u Ob (puc.29e).

B KoppesiinoHHOM aHajM3e Ha puc.29 Takxke Npe/ICTaBIeHbl KOPPEIMU MEXITY
00CY>K/IEHHBIMHU BBIIIIE TAPAMETPAMHU C NTAPAMETPOM CTETIEHH arperaruyd TpPOMOOIIUTOB,
U3MEpPEHHbIM ¢ MoMoIIbI0 npudopa buona. BugHo, 4ro oTpuniateabHass KOoppessus
MEXKy CTETEHbI0 arperaiuu TPOMOOIUTOB U mapameTpoM Al HaOMoOmaeTcst TONbKO
s rpynn naupeHToB Al i AI'+UBC. [Ing apyrux rpynn nauveHTOB CTaTUCTUYECKU
3HAYMMBIX MOJIOKUTEIbHBIX WM OTPULIATEIbHBIX KOPPEJISLUi He HaOo1aeTCsl.

[To mony4yeHHbIM pe3yabTaTaM MOXHO CJEJIaTh BBIBOJ, YTO MapaMmeTpbl AD, n3Mme-
PEHHBIE 1 VIvo M In Vitro He BCerja KOppeaupyloT Ipyr ¢ ApYyroM, U OHUA JOIOJHSAIOT
APYT Opyra JJis BbIsBIEHUS 0COOEHHOCTH AD B KaKJOW KOHKPETHOH IpyIie ManueH-
TOB C pa3IMYHBIMU 3a00sieBaHusIMU. [1oTyyeHHbIe JaHHBIE MOTYT ObITh MIOJIE3HBIMU MIPU
pa3paboTKe HOBHIX MPOTOKOJIOB Teparuu manueHToB ¢ CC3. B yacTHOCTH, MOTyYeHHbBIE
JaHHbIE TWIOTETUYECKH MO3BOJIAT YJIYUIIUTh CYLIECTBYIOUIMI METO MCIOIb30BAaHUSA
masMmodepesa [216] B kauecTBE KOHTPOJISI PEOJIOTUYECKUX CBOMCTB KPOBU MPU PA3HBIX
CC3 y naimeHroB.

[TonyuyeHHbIe pe3yJIbTaThl YACTUYHO OIyOJMKOBaHbI B cTaThsx [209, 217].
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Puc. 29: KoppesaiimoHHbIe MaTpHIIBI TAPAMETPOB arperaryy SpUTPOILIUTOB, & TAKKe CKOPOCTH ocenaHust SpuTporuToB (COD) M KOHIIEHTPAIK OOIIETo
6enka (OB) ans rpynn NaMeHToB ¢ pa3InYHBIME 3a00ieBaHMsIMU. B Tadnmiax npencraBieHsl Ko guimeHTs Koppensuuu [Tupcona. AprepuaibHas
rurieprensus (Al); mmemmdeckas 6omne3nb cepana (MBC); caxapusrit quadet 2-ro tuna (CA2T); dpudbpumsuus npeacepauii (PIT). Crenens Arp. Tpomo.
— crenenp arperanuu TpomoormToB, CKK — cKopocTh KanmuuIsipHOro KpOBOTOKA.



3.3 XapaKTepI/ICTI/IKa KAallWLJIAPHOro KPpoBOTOKAa B HOpME, IIPpU HIIEeMHYECKON

00J1e3HH cep/na, u Npu (puOPUILISIIIT peacepaui
3.3.1 I'pynnbl namueHTOB

B naHHOM pa3zjesie npuBeACHbI pE3yIbTaThl UCCIEJOBAHUS NTAPAMETPOB MUKPOLIMP-
KYJISIMU, U3MEPEHHBIX C MOMOUIBI0 [IU(PPOBOro KanmWuIsspockona, Ha 132 B3pociibix
UCTIBITYEMBIX, CPeIi KOTOPHIX ObUTM BBIICJIEHBI 3 Ipymiibl: 44 3M0pOBBIX AOOPOBOJIBIIA
(HOPMA), 44 nmanueHTa ¢ umemudeckoit 6one3nsio cepana (MBC) u 44 manmeHTa ¢
dubdpmnsmuei npeacepanii (PIT) (cm. 1a6:1.6). Kpureprn UCKITIOUEHUS U3 UCCIIEI0-
BaHUsl ObUIM CJIEYIOIIMMU: MAlMEHTHI cTapiie 85 JIeT, MalKUeHThl C OHKOJOIMUYECKOM
MaTOJIOTHeH, XPOHUYECKUMU 3a00JIEBAaHUSMU MEYEHU U MOYEK, HAJMUUEM CaXapHOTro
auadeTa 2-ro Tuna, 3a001eBaHUSIMU COEAMHUTEIHHON TKAHU WK 3a00JIeBaHUSIMU 11eH-
TpaJIbHOW HEpBHOU cucTeMbl. KpoMe Toro, U3 mccienoBaHus ObLIM UCKJIIOUSHBI TaIy-
€HTBI, Y KOTOPBIX OJHOBpEMEHHO auarHoctuposajioc MBC u PII.

B koHTpOosbHOI rpymme no cpaBHeHuto ¢ rpynnamu UBC u OI1 nabmogaeTcs mupo-
KWIiA AMANa30H pa3IMuHbIX BO3pacToB (cM. Ta01.6). Koppensiuii Mex 1y u3mepsieMbIMU

mapamMeTpaMu MUKPOLUPKYJIALNU U BO3pPpAaCTOM JOHOPA 06Hapy>1<eH0 He OBLIIO.

Ta6auna 6: JJlaHHble BO3pacTa U 1MoJia 1o UCCIIeyeMbIM IpyIaM 30poBbIX 10o0poBosbiieB (HOPMA),
MAIMEeHTOB ¢ uinemMudeckoit 6osesnsio cepana (MBC) u manmeHToB ¢ pubdprnisiueii npeacepauit (PIT).
SD — cTanzapTHOE OTKJIOHEHHE.

IToka3zaTenn HOPMA | UBC dI1
KonuuectBo 44 44 44
KonnyecTBO KeHIIUH 19 14 25
KomnuecTBo My k4nH 25 30 19
Cpennuii Bo3pact = SD (ser) | 37+ 18 |[70+£9 |73+ 10

3.3.2 Ilousy4eHHbIE Pe3yJabTaThl M UX AHAJIN3

CpaBHeHue napaMeTpOB MUKPOLIMPKYJISIIIUU B TPEX UCCJEAYyEeMbIX IPyIIax MpeacTas-
seHo Ha puc.30. Cpennssa ckopocTh KanuuisspHoro kpoBotoka (CKK) cratuctuueckn
3Haunmo Bbie (p < 0,0001) B KOHTpOJIbHOM Ipy1Iie 1Mo cpaBHeHUIO ¢ rpynnamu MbC
u ®II (puc.30a). Cratuctudecku 3Haunmbix pazinuuii B CKK mexay rpynmamu UBC

u OII He BbIABICHO. OJHAKO CTATUCTUYECKW 3HAYMMBIE Pa3jInuvsl MEXAY Ipylnamu
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NBC u ®IT nadmonaiotcs (p < 0,01) Mo KOMMYECTBY arperaToB KpOBU B MUHYTY U
M0 KOJIMYECTBY arperaToB KpOBW Ha MOTOHHbI MM (puc.300). B KoHTposbHOI rpyTime
SPUTPOIUTAPHBIEC arperathl He Habmoaamich. [lapameTp cpeaHeli MIoMaau arperaTon
CTaTUCTUYECKM 3HAUMMO He oTyimyaercsa mexay rpymmnamu UbC u ®II. [1o npuseaen-
HBbIM JaHHBIM BUJIHO, 4TO CKK He oTimmuaeTcs npu cpaBHeHuu naiueHTos ¢ UbC u ®I1,
OJTHAKO KOJIMYECTBO arperaToB Ha IMOTOHHBIA MM CTAaTUCTAYECKM 3HAYMMO BBIIIIE LIS

narmeHToB ¢ PII.
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Puc. 30: (a) CpeHss CKOPOCTb KaMJUTSIPHOTO KPOBOTOKA U (0) KOJIMYECTBO arperaToB Ha MOTOHHBINA MM.
ais tpex rpyni: HOPMA, nanmentsl ¢ UBC n nanmentsl ¢ @I1. Kaxgas Touka Ha pucyHKe COOTBETCTBYET
Cpe/IHeMy 3HAYEeHUIO JJIsi OIHOTO 3/10poBoro aoHopa wiv namuenta ¢ UbC um ®I1. Cratuctuueckas
3HAYMMOCTb PACCUATAHA C MOMONIBI0 TecTa bpyHHepa-MioHuens. *x : p < 0,01; * x x* : p < 0,0001.

Ha puc.31 npuBeneHa maTpulia paccesiHisl HapaMeTPOB MUKPOLUMPK YJISALUNA A1 3-
X M3YYaeMbIX T'PyNI MALMEHTOB. BUAHO, YTO yBEJIMUYEHUE KOJIMYECTBA arperaTtoB Ha |
TIOTOHHBIN MM Y MalMEHTOB 00euX rpymil conpoBoxaaetcs camkenrnem CKK. Dra kop-
pensius Oosnee BoipaxkeHa y nanueHToB ¢ UBC (puc.31), yTo, no-BUAUMOMY, CBSI3aHO
C TE€M, YTO HapyLIEHNE MUKPOLMPKYIALNA KPOBU ABJIAETCS OJHON U3 NPUYMH BO3HHUK-
HoBeHUs: UBC. Takxe BugHo, uto CKK oTpuiiatesbHo KoppeldpyeT ¢ KOJIMYEeCTBOM
arperatoB B MMH. B rpyre naiueHToB ¢ UbC (r = —0, 37), B To BpeMs Kak B Ipynrne
nauueHToB ¢ PII koppesauusa Mexay TUMU NapameTpamu orcytcTByet (r = 0, 14).
DTO MOXET CBUJIETEJILCTBOBATh O TOM, UTO YBEJIMYEHUE KOJIMUECTBA IPUTPOLIUTAPHBIX
arperatoB MOXET BBICTYIIATh B KAYECTBE KOMIIEHCATOPHOro mexanusma rpu PII, T.k.
yBesmueHue ux kommdectsa He cHukaer CKK. CKK Takxke koppeampyeTr co cpeaHen
ionaapo arperara y naiueHros ¢ OII (r = 0, 37), B TO BpeMs Kak KOppesluus 3TUX

napameTpoB y nanueHToB ¢ UBC He ctonb 3HauurtespHa (1 = 0,20). MoxHO npen-
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TMOJIOKUTh, YTO ITO CBA3aHO C KOMIIEHCATOPHON peaklMeil opraHu3Ma Ha yJIydlleHUe
MIPOXOXK/IEHUS arperaToB yepe3 MUKPOCOCYIbI, T.e. YeM OOJIbIlle pa3Mep IPUTPOIUTAP-
HBIX arperaToB, TeM BbIllIe CKOPOCTh KpOBOTOKA. CpeiHsis IUIOIIa/ib arperata oOpaTHO
KOppeJIMpYeT C KOJMMYECTBOM arperatoB Ha | TOTOHHBIN MM JJ1 0OerX TpyII MalueH-
TOB (1 < —0, 3). DTO 00BACHSIETCS TEM, UTO YBEJIUUEHUE pa3Mepa arperaToB MPUBOJUT
K YMEHBIICHUIO KOJIMYECTBA arperatoB, NPUCYTCTBYIOIIMX B KaNAJLISIPE.

Takke BUAHO, YTO KOJIMYECTBO arperaTtoB KPOBY Ha | MOrOHHBII MM KOPpEJIMPYET C
KOJINYECTBOM arperatoB KpoBU B MUH. IpermMyiiecTBeHHO y 0onbHbIX UBC (r = 0, 55)
1o cpaBHeHuo ¢ nanveHtamu ¢ PII (r = 0,26). 9T0 MOKET CBUAETEIBCTBOBATH O
OOJIbIIIEM YYaCTUU CEPICYHO-COCYUCTON CUCTEMBI B PETYISAIUU MPOIecca MUKPOIIUP-
KYJISILIAY, TIOCKOJIbKY Tiepudepudeckuie aptepun y 0ombHbIX MBC Tak ke mopaxaioTcs,
KaK U KOPOHAPHBIE, XOTSI U B MEHBIIIEN CTETICHH.

[Tony4yeHHbIE OTJIMYMS B KOPPEJSALMUA MMapaMeTPOB MUK POLIUPKYIISAIIUU MOTYT OBITh
CBSI3aHBI C PA3IMUYMSAMU B PUPOJIE M3ydaeMbix 3a0oseBanuii: ecau npu MBC B ocHOBe
3a001eBaHM JIeKaT HApYIIeHUSI MUKPOITUPKYAATOPHOM cucTeMbl, To pu PIT — Hapy-
IIEHU 1 COKPAILIEHUI cepAeYHOM Mblibl. [TonBoas uror, MoxxHO cka3aTh, yTo pu MBC
1 ®IT CKK cHmkeHa OTHOCUTEJILHO 3I0POBBIX TOHOPOB, M HAOJIOAaeTCs P OTIMIUT
MUKPOIMPKYJISALMY TTPU CPAaBHEHUHU MALIMEHTOB ABYX PACCMATPUBAEMbBIX TPYIIIL.

[TonyuyeHHbIe pe3y/bTaThl YACTUYHO OIyOJUKOBaHbI B cTaThe [218].
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Puc. 31: Marpuria paccessHusl mapamMeTpoOB MUKPOIUMPKY/Isiud 11s Tpex rpynn: HOPMA, maieHTs ¢
NBC n nmaumentsl ¢ PI1. Kaxkgaa Touka Ha pUCYHKE COOTBETCTBYET CPEJHEMY 3HAUEHUIO 11 OJHOTO
3nopoBoro foHopa nim naguenra ¢ MbC nm @I g rpynner HOPMA arperatoB B KalMUISIPHOM
KPOBOTOKE 0OHapykeHO He Obu10. [IpsiMble IMHUM Ha PUCYHKE U 3aKpallieHHast 001acTh — 9TO JIMHEHHAST
perpeccus u 95% noBepuUTEIbHBI UHTEPBAJL.
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[JIABA 4. BJIMIHUE BHENIHUX 1 BHYTPEHHUX ®AKTOPOB, BKJIIOUAY
COCYIUCTBIN SHIOTEJINN, HA B3AUMOIENCTBU S KJIETOK KPOBU

4.1 BausiHEe HUTPONPYCCH/IA HATPHSI HA MUKPOPEOJOTHYeCKHe CBONICTBA

SPUTPOIUTOB

B ycnoBusx in vivo arperaius v aedopManusi SpUTPOLUTOB PETYJIMPYIOTCS pas-
JIMYHBIMU CUTHAJIbHBIMU MEXaHU3MaMHU, BKJIIOYAs T€, KOTOPbIE CBSI3aHbl C CUTHAJIbHBIMU
MOJIEKYyJIaMH, TO €CTh razorpancmutTepamu [48, 219]. B kpoBoTOKe ofHOI U3 HanOO-
Jiee BaXHBIX CUTHAJBHBIX MOJIEKYN sBJseTcsa okcua azota (NO). DTo HecTaOMIbHBIN
paauKal ¢ BpeMeHeM ku3HU okosio 100 Mc, U in vivo OH B OCHOBHOM CEKPETUPYETCs
sHaoTemanbHoi NO-cunTazoi [220].

UYto kacaercs cekpenuu NO, cyniecTBYIOT JIBe IpyIibl BemecTs: (1) coequHenus,
KoTOpble BbiIcBOOOXJal0T NO crioHTaHHO (Harpumep, HuTponpyccua Hatpus (HITH))
1 (2) coenuHeHUs], KOTOpble TpeOYIOT (pepMEeHTaTUBHOrO MeTabonM3Ma sl reHepa-
uuu NO (Hanpumep, L-aprunun) [221]. [Tockoibky B sputpouurrtax npucytctsyet NO-
CUHTa3a, 00e rpynmbl JoHOpoB NO MOTryT BIMSATh HAa CBOMCTBA SPUTPOLUTOB [222].

Bmusinue nonopoB NO HIIH wm L-apruHvHa Ha MHUKPOPEOJIIOTMYECKHE CBOMCTBA
SPUTPOLIUTOB UCCIIEOBAIIOCH in Vitro B psijie padOT, B KOTOPHIX ObLIO MOKa3aHO, YTO
noJ1 BisiHreM 10HOpoB NO yBesmuuBaeTcs 1e(pOpMUPYEMOCTb IPUTPOIIUTOB, a arpe-
raius 3puTpouToB ymenbinaercs [110, 184, 219, 223, 224]. Cnegyer OTMETUTD, YTO
arperaiys u aegopmariys SpuTPOIMTOB B IaHHBIX pabOTax OILIEHUBAIUCH B paCTBOpaXx
JAEKCTpaHa WK CUJIbHO pa30aBIEHHBIX PaCTBOPAX ayTOJOTMYHON TJIa3MBl.

B nuteparype ecTb HEKOTOpblE CBUIETEIbCTBA TOTO, YTO MEXAHU3Mbl arperaluu,
a Takxe aedopmaliii SpUTPOLIMTOB B IJIa3Me KPOBU OTJIMYAIOTCS OT MX MEXaHU3MOB
B PacTBOpax MCKYCCTBEHHBIX MaKpOMOJIEKYJ, TaKMX Kak JeKcTpansl [4, 225]. B oc-
HOBHOM TIpejroaraeTcs, uro AD B mia3Me KpoBH Oojiee CIOXHasi, YeM B pacTBOpe
MCKYCCTBEHHbIX MAaKpPOMOJIEKYJI, HAapUMep, JEKCTpaHoB [226]. lns in vitro uccieno-
BaHUII AD HE0OXOIUMO YCTaHOBUTH, KAKOH aHTHKOATYJISHT IIPEANOYTUTEIbHee U Kak
OH BJIMSIET Ha U3MEpsiEMble TTapaMeTPBhI.

L{enbio JaHHO YaCTH MCCIeI0BaHU S OBLIO M3y YeHUE BJIMSHUS OKCH/Ia a30Ta HA MUK-
POPEOJIOTMUECKHE CBOMCTBA SPUTPOIIUTOB B 00pa3Iiax SpUTPOIIMTOB, TO €CTh IEbHON
KpOBHU, CTAOMJIM3UPOBAHHON pa3nnuHbiMu aHTuKoaryasaTamu (DI TA K3 unu nmutuii-
renapuH) Wi OTMBITHIX 3PUTPOLMTOB, PECYCIIEHIUPOBAHHBIX B PAcCTBOpPE JEKCTpaHa

(130 xda), mocne modasnenuss HITH, kak gonopa NO, B pa3iMuHbIX KOHIIEHTpaIusx. B
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JAHHOM YacTH MCCJIeOBAHUSI UCTIONBb30BAJICs Ja3epHblil arperomeTp RheoScan.

4.1.1 IloaroroBka o0pa3noB

KpoBb 17151 Bcex u3MepeHuii Oblia B3ATa U3 JIOKTEBOH BEHbI 3 3JOPOBBIX MY KUMH-
AOHOPOB (22-25 net) Hatomak. [IpoOupku 171 0Opa3IOB KPOBU COAEPKAIN aHTUKOA-
rynsHTel DIATA K3 wim sutuii-renapus. Mi3mepenns B LEIbHON KPOBU U B paCTBOpax
AEKCTpaHa MPOBOIMWIUCH OTAEIBHO B pa3Hble IHU (KaXAblil JOHOp claBajl KpOBb JiBa-
KJIbI JJIS1 9TOTO UCCJIeI0BaHUs), YTOObI COOJIIOCT BPEMEHHbIE PAMKHU SKCIIEPUMEHTA.

HITH (Sigma-Aldrich) 6pu1 pa36aBiieH B TUCTUIIMPOBAHHOM BOJIE 10 KOHIIEHTpA-
it B auanazone 5-100 MmM. PactBop HITH nob6apnsum k oOpasiiaM 3pUTpOIUTOB B
cootHomiennu 1:100 (1 ygacte pactBopa HIIH u 100 yacteit KpoBH) Ui MOJTy4YEHUS
KoHeuHbIX KoHneHTparui 0, 50, 100, 200, 1000 mxM. KoHTposbHbI 00pa3el CoCTOsI

u3 1 yactu aucTriMpoBaHHOH Boabl M 100 yacTeit oOpasiia KpoBH.

HeabHast kpoBb: renapud utus u ATA K3

HITH noGaBnsiim K mnesibHOM KpoBH, cTabuimsupoBanHoit I TA K3 nmm utwii-
renapuHoMm, IS noiaydeHus cieayomux konuentpanuid HITH: 0, 50, 100, 200, 1000
MKM. NnkyOanus nensHoi kpoBu ¢ HITH npoBoaunacek B Teuenue 30 muH. npu 37 °C

nepea NSMCpCHUAMMU.

HekcTrpan
JLJ1st HOy4YeHUs1 OTMBITBIX SPUTPOIIMTOB B pacTBope nekctpana (130 kla) Oblm

BBITIOJIHCHBI CJICAYIOIIHC HIarun:

1. LespHast KpoBb 00BEMOM 1,5 MJ1 Obl1a HATUTA B IPOOUPKU OOBEMOM 2 MJI ¥ LIEHTPH-
(pyruposana B teuenune 10 mus. npu 180 g npu komHaTHOU Temneparype (22 °C).

3arem cJI0# TIa3Mbl ¢ TpOMOOIIUTaMu OBLT yAaJieH ¢ TIOMOIIBIO0 J03aTopa.

2. K 00beMy ocaskA€HHBIX 3pUTPOLMTOB fo0aBisuics 1 mu PBS | 3atem npoOupky xo-
POLLIO NEPEMEIINBAIIN 1S IOy YeHUSA OHOPOJHOM CYCIIEH3UM. 3aTEM CYCIIEH3UIO
sputrpouuTsi+PBS nentpudyruposamu B reuenue 3 muH. ipu 1000 g mpu komHaT-
HOil Temneparype (22 °C). lanee ¢ moMOIIBIO A03aTOpa YIAISUIA HAJOCAJA0YHYIO

KUJKOCTh. JlaHHBIN 1Iar moBTOpsUIcA 3 pasa.

3. beuta mpuroToBiieHa cMech pacTBOpoB PuHrepa u Bomosena (6% rugpoKCUITHII-

kpaxmai 130/0,4 B 0.9% xnopuae Hatpus) B cooTHouieHnu 6:4. Koneunas KoH-
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LEHTpaLMsA JEeKCTpaHa (TUIPOKCUITUIIKpAXMasa) cocTasisia 24 mr/mi, a Teope-
Tiyeckuil pH npuUroToBJIEHHOr0 pacTBOpa Haxoauics B auanazone 6,5-6,7 pH.
OTMBITBIE SPUTPOIUTH JOOABISUIMCH K MPUTOTOBIEHHOMY PAaCTBOPY 10 AOCTHIKE-

Hus rematokputa 40%.

4. PactBop HITH no6assics k oOpasity AJis MoTydeHHs CIeTYONUX KOHIICHTPALIHIA:
0, 50, 100, 200, 1000 MxM. Nukyobanus odpasna kposu ¢ HITH nmpoBoaunaces B

teuenre 30 muH. nipu 37 °C niepe1 U3BMEPEHUSAMU.

4.1.2 Iloxy4deHHbIe Pe3yJbTAaThl H UX AHAJIU3

I'mapoanHaMuyeckasi IPOYHOCTh arperaToB

[TonyueHHsle pe3ynbTaThl AJis mapamerpa C'S'S Tipy pa3aUYHBIX KOHIIEHTPAIUAX
HITH npencrapnensl Ha puc.32a-B. Habmomaetcs cymiecTBeHHas pa3Huia B 3 dekTe
HITH npu paccMmoTpenuu pasianuHbix cpea 1 AD. B yactHocTtH, cHkeHne C'S'S B
rernapuHoBOi KpoBu HaOmoaanoch npu koHuentpauu HITH 200 mxM (puc.32a), B TO
BpeMs KakK B pacTBOpe JieKcTpaHa Habmogaetcs ysenudeHre C'S'S npy KOHIIEHTPaAIUK
HITH Boie 100 mxM (puc.32B).

B cratbe [69] ObLI0 TOKa3aHO, YTO MOJIEKYJIbI IEKCTPaHa afAcOPOUPYIOTCS HA MEM-
OpaHe SpUTPOLMUTOB, UTO HampsAMYylo BiusieT Ha AD. Yeenuuyenue C'S.S 711 pacTBOpa
AEKCTpaHa MOXKET ObITh CBSI3aHO C U3MEHEHUEeM aJcopOLMU MOJIEKYJ JAeKCTpaHa Mpu
pazmuuHbX KoHNeHTpanusax HITH. Heob6xonumvbl ganbHelinme ucciaegoBaHUs B JaH-
HOM HaIpaBJICHUHU.

[Mapametp C'S'S cTaTCTUYECKH 3HAUMMO He U3MeHsIeTC s py KoHueHTpanusax HITH
0-200 MM nist 06pasiioB ¢ DATA (puc. 32B). OgHako HaOMOAAETCS CTATUCTUYECKU

3Hauumoe nagenue C'S'S npu cpaBHeHun KoHneHTpanuit 0 u 1000 mxM.

Arperanusi SpuTpoIUTOB

[TonyuyeHHbIe pe3ybTaThl 1JIsl TAPAMETPOB T| U To NMPU PA3JIMYHBIX KOHIIEHTpAIlU-
sx HITH npeactasyiensl Ha puc.32r-u. MI3BeCTHO, YTO renapuH SIBJSIETCS UHIYKTOPOM
AD [4], 9TO 00BSICHSAET pa3HUIlY B KOHTPOJBHBIX 3HAYCHHUAX MEKIy oOpa3liaMu C re-
napuHom Jutus U DIATA K3 (cm. puc.32r u puc.32e). B kpoBu, cTaOUIM3UPOBAHHOIA
renapuHoM, HaOJTI0aeTCs CTATUCTUIECKU 3HAUMMOe yBendeHue AD npu Jo0aBJIeHUU
HITH, 3ameTHOe 10 yMeHbIIeHUI0 BpeMeHu oOpa3oBanus 3D arperatoB (73) (puc.32x).

B kposu ¢ antukoaryinsgsaTtoMm DI TA K3 BelpaxkeHa JiMiib TEHACHIUSA K CHUKEHUIO
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AD. Jlng mapameTpa 7, HaOMOMAIOTCS CTATUCTUYECKU 3HAUMMBIE Pa3IMyus IIPHU CPaB-
Henuu KoHueHTpauid HITH 0 u 100 MxM, a takxe 0 u 1000 mxM.

Il pacTBOpa JeKCTpaHa HaOMomaeTcsl TeHACHIMS K CHYKEHUI0 AD TpH TMOBBI-
mennn koHuentpaunu HITH (puc.321,3), 01HAKO CTATUCTUYECKU 3HAYMMBIE PA3IUUUS
oOHapy>XeHbl TOJILKO JIJIsl TlapameTpa T, Tipu cpaBHeHUM KoHueHTparuii HITH 200 u
1000 mxM.

[TonydyeHHble JaHHBIE HE MPOTHUBOpPEYAT HANPSAMYIO TeM pe3ylbTaTaM, UTO ObUIH
MOJIyYEHBI TIPU UCCJIEIOBAHUM AD B pacTBOpPE JIEKCTPaHA ¢ MOMOIIBIO TPOTOYHON Ka-
Mepsi[219]. B cratbe MypaBbeBa A.B. Habmoganoch 3HaUMTEIbHOE CHIDKEHUE AD mpu
koHneHTparuu HITH 100 MmxM, Toraa kak B gaHHOM padoTe HabJ01amach TeHASHIIUS K
CHUXeHMIo arperauyu npu KoHueHTpaiuu HITH 100 MM gy pacTtBopa JekcTpaHa u
Jaxe yBeJuueHre ASD B renapuHU3UPOBAHHON KpoBU. [IpyurHa 3TUX pa3inyuil MOKET
3aKJII0YATHCS B Pa3HbIX METO/AaX (MMPOTOYHAsi KaMmepa [227] — na3epHasi arperoMeTpusi),
MOJITOTOBKE KPOBU M 00pa3iiax pUTPOIUTOB (FeMaTOKPUT OKOJIO 1% — remMaTOKpUT
40% ). OCHOBHOM BBIBOJI, KOTOPBII MOKHO CJIeJIaTh Ha OCHOBE JIAHHBIX, ITPEICTABJIEHHBIX
Ha puc.32r-u, 3akimoyaercs B ToM, 4to 3pdext HITH, To ects NO, 3aBUCUT OT cpeppl,
B KOTOpO# npoucxogut AD. D1o o3HayaeT, yTo NO MOXeT ObITh KaK UHIYKTOPOM,
TaKk ¥ UHTUOUTOPOM AD B 3aBUCHUMOCTU OT CPEJIbl, B KOTOPOU MPOUCXOJUT arperamusi
KJIeTOK. ITOCKOIBKY OCHOBHBIM OTJIMYMEM B ACHCTBUM ABYX AaHTUKOAryyassHTOB (DU TA
K3 u renapuHa uTus) sSBASETCS COXpaHEHUE WJIM MOYTH MOJIHOE CBSI3bIBAHUE KaJIbLIMS
B KPOBH, TO, O-BUAUMOMY, KaJbIIUi BBICTYMAET B KAYECTBE OJHOIO M3 PETYJIATOPOB
B ME€XaHM3MaXxX JIEWCTBUS OKCHJA a30Ta HA arperaloHHble CBOMCTBA SpUTPOLUTOB. B
WCIIOJIb3YEMOM PacTBOpE IEKCTpaHa COAEPKUTCS KaJblIiA, U TOITOMY, HaOoAas pas-
YU MEXIy 0Opa3liaMy C TFelmapyuHOM JIUTUS U AEKCTPAHOM, MOKHO OIpeaesIeHHO
yTBEPXK/IaTh, UTO KaJbIUA SIBJSETCS HE €JUHCTBEHHBIM PEryJIsITOPOM B MEXaHU3ME

aericterst NO Ha SpUTPOLIUTHI.

HedopmMupyemMocTs SpUTPOIUTOB

[TonyuyeHHbIe pe3yabTaThl AJis MIpejiesia TEKYUECTH U BHY TPUKJIETOYHOM BA3KOCTH
sputpouuToB (BBY) npu paznuunbix koHueHTpauusax HITH npencrasieHs! Ha puc.32ii-
0. Habmonaetcst cooTBeTCTBUE MEXy 0Opa3liaMu rernapuHa JUTUs U IeKCTpaHa, mpo-
SIBJISIIOIIEECs] B CHYKEHUM Mpejiesia TEKYUecTy 1 yBeandenun BB npu kKoHueHTpanuu
HITH 100 MM (cM. puc. 32ii-K,M-H). 151 00pa3iioB KpoBH, CTaOUIM3MPOBaHHBIX DI -

TA K3, npegen tekyyectu 1 BBD okazanuch HEUyBCTBUTEJIBHBIMUA K KOHLIEHTpPALUU
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HITH B amamazone go 1 MM (puc. 3271,0). DT0 MOXET ObITh CBA3aHO C OTCYTCTBHEM
MOHOB KaJIbIMs B TaHHOM 0Opasiie KpoBu. OIHAKO €CTh OCHOBAHMS MPEAIoaraTh, 4To
nehOpMUPYEMOCTh SPUTPOIUTOB, TOJTYUYEHHBIX U3 KPOBH, cTabunm3upoBaHHoil DJITA,
yBennuuBaetcs npu godasnenun HITH, yro HaGmogaeTcs npu u3MepeHusx, mpoBeIeH-
HBIX JJ1 OTMBITBIX SPUTPOLIUTOB [228].

JIByXBaJICHTHbIE MOHBI KaJIbLIUsI UTPAIOT BaXXHYIO POJib B MOJJIEP)KAHUM MEXaHUYe-
CKOI'O COCTOSIHUSA SPUTPOLUTOB. I3BECTHO, UTO yBEJIMYEHNUE BHY TPUKJIETOYHON KOHIIEH-
tpauyy C'a®" NPUBOINT K HAPYLIEHHIO Ae(hOPMUPYEMOCTH 3pUTpoLuToB [229]. HekoTo-
pble pe3yJbTaThl MO3BOJISIOT IPEANoNoKUTh, uTo HITH B3anmoaeicTByeT ¢ THOJOBBIMU
rpyrnmnamMu MeMOpaHHBIX OEJIKOB SPUTPOILIUTOB U 00pa3yeT Hecnelnupuieckue Iucyiib-
¢uaHbIe CBA3M, KOTOpBIE MHTHOUPYIOT NMpUTOK Kanblus [230]. Takum obpazom, HITH
IIpeJOTBpaIlaeT BHYTPUKIETOYHOe HakomieHne Ca’" M OKa3blBaeT 3alMTHOE [eii-
CTBHE. DTO TaKKe O3Ha4daeT, 4yTo 3aiuTHblid 3¢pdpext HITH, pacnpoctpansomuiica Ha
AeopMUPYEMOCTh IPUTPOLIUTOB, MOKET MPOSIBIIATHCS TOJIBKO B Cpelie, B KOTOPOH Mpu-
cyrcerByer Ca?". TIpu JaHHOM PaCCMOTPEHUU UMEETCS COITIACOBAHUE C PE3YJIbTaTaMU,
PUBEJIEHHBIMU Ha puC.32ii-0. Kpome TOro, mocKosbKy BO BpeMs UBMEPEHUI SPUTPOLIH-
ThI [TOJIBEPralOTCs BHEIIIHEMY MEXAHUUYECKOMY BO3ACHCTBUIO, MEXAHOUYBCTBUTEIbHBIN
pelienTopHbiii komruieke Piezol, nokann3oBaHHbI HA MeMOpaHe, MOXKET aKTUBUPO-
BaThCA. ITO MOKET NPUBECTH K ycuyleHHo paboTel C'a?t KaHAIOB, KOTOPHIE PEryIHpY-
I0T aKTUBHOCTb MpoTenHKuHa3bl C, kanpuuii-AT®Pa3bl u ['apaoc-kaHanoB, BIUSIOMIAX
Ha JiepopMUpyemble CBORCTBA pUTpoluToB [231]. Takum 0O6pa3om, MOXKHO OXUIATH
3HAYUTEJbHBIX U3MEHEHUI B 1ehOpMUPYEeMOCTH SPUTPOITUTOB Tipu godaBienuun HITH
yepes Metabomueckue nytu B C'a’"-100aBaeHHol cpeje.

[TonyueHHbIe pe3yibTaThl OMyOJUKOBaHbI B cTaThe [232].
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4.2 Bumsane ¢puOprMHOreHa Ha B3aNMOAEHCTBHE SPUTPONUTOB H YHIOTEIHS

B naHHOM pasgene NpuBeleHbl Pe3yJIbTaThl UCCIEAOBAHKUSA B3aUMOIEHUCTBUS JH-
AOTENUsSl U PUTPOLIMTOB 3JOPOBBIX TOOPOBOJIBLIEB MPU PA3JIMUYHBIX KOHILIEHTPALUAX
¢ubdpuHoreHa (Kkak OCHOBHOTO MpoarperaHTHoro OeJika B MIa3Me KpOBHM) B CTAIlMOHAP-
HBIX YCJIOBUSIX Ha YPOBHE OT/IEJIbHBIX KJIETOK i1 Vitro ¢ TIOMOIIIBIO JIA3€PHOTO MUHIIETA.
W3meHenne KoHIeHTpanuu (puOpuHOreHa B cpeie MoAeupyeT (pU3MOJOTHUECKoe U

MaTOJIOTNYCCKHUE COCTOAHUA IJIA3Mbl KPOBHU.

4.2.1 IloaroroBka o0pa3noB

KpoBb 1151 Bcex 9KCIIepUMEHTOB Opajii U3 JJOKTEBBIX BEH 3[J0POBbIX JTOHOPOB MY K-
ckoro noja (N = 4) 11s oy4YeHus1 CBIBOPOTKH C UCTIONb30BaHUEM IMPOOUPOK C aKTH-
BaTOpoM cBepThiBaHus Si(o (5 MJI) U LIeJbHOR KpoBU ¢ aHTUKoaryisiHToM DTA K3
(4 mur). Ob6pa3zelr, moMenaeMblii B KIOBETY IJIs1 U3MepeHui (cM. puc.23), cocTos U3
CBIBOPOTKHU € J100aByieHuemM Obrubero ¢puopunoreHa (Homep MDL: MFCDO00163624)
B OIpeJIeIeHHON KOHIIEHTPAIIMM U HEOOJBIIOro KoIM4yecTBa 1esibHON KpoBH (1 JacThb
kpou Ha 1000 yacTeit cCHIBOPOTKH ¢ pUOPUHOTEeHOM). B TaHHOM HCClie J0BaHNM UCTIONb-
30BaJICs ObIYMi (PUOPUHOTEH, KOTOPBIA MO CBOEH CTPYKTYpe OJU30K K UYeJIOBEUECKOMY.
B cratpe [233] 6bUTO MTOKA3aHO, YTO MEXAY YEJOBEUYECKUM M OBIYbUM (PUOPUHOTEHOM

HET CYH.[GCTBGHHOIU/I Pa3HULLBI B aATC3NUBHBIX CBOMCTBaxX SHOOTCEIINA.

4.2.2 Ilosy4deHHbIE Pe3yJbTAaThl M UX AHAJIN3

[Tony4yeHHbIe pe3yabTaThl MOKA3aJIM, YTO C YBETMUEHUEM KOHIIEHTpauy (huOpUHO-
reHa, 100aBJIEHHOTO B CHIBOPOTKY KPOBH, CHJIa B3aUMOJACHCTBHUS MEKTy SPUTPOILIUTOM U
9HAO0TEJIMEM MOHOTOHHO BO3pacTaeT BILUIOTh 0 KOHIIeHTparuu (puOpruHOTeHa 4 Mr/mii,
a B Juamna3oHe oT 4 1o 8 Mr/mil cuiaa B3aUMOACHCTBUS JOCTUTaeT HACHIIEHUS (CM.
puc.33). Hacplimienne aocturaeTcsi, Korja KOHIEHTpalys (puOprMHOreHa IMpeBbIIacT
HOPMY — HOpMa HaxoJuTCs B AvanazoHe 2-4,5 Mr/muil, ¢ MEJUaHON OKOJIO 3 Mr/mil,
Y HEe3HAUMTEJIbHO pa3jiMYaeTcsl y MYKUUH U keHiuH [234]. [Ipu naTosoruyeckux u
BOCHIAJIMTEJILHBIX TIpolleccax B OpraHu3Me KOHIleHTpaIus (puOprHOreHa ImoBbIacTCs,
HanpuMep, ObLJIO IMOKAa3aHo, UYTO Cpe/iHee 3HaueHue (PUOpPUHOTreHa y TAIlMeHTOB C JTa-
OETUUECKOM A3BOI CTOMHI (CTEIEeHb 3) COCTABIISIIO OKoIo 5 Mr/mi [235]. Ha ocHOBaHMM
9TUX Pe3yJIbTaTOB MOXHO CJIeJIaTh BBIBOJI, UTO KOHIIEHTpaIus (uOpUHOTeHa He SBJIs-

eTcsl BeayluM (pakTOpoM aAre3uu SpUTPOLMTOB K IHIAOTEIUIO [IJISI SPUTPOLIMTOB U3
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KPOBH 3JOPOBLIX I[O6pOBO.HI)LI€B U SHIOTCJINA B (1)I/ISI/IO)IOFI/I‘{€CKI/IX YCJIOBHUAX.

Brusinue puOprHoreHa Ha aare3uio SpUTPOIUTOB K SHIOTENUIO NIPU MATOJIOTUH
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Puc. 33: (a) 3aBucumocTh cuiibl B3aumMojeiicTeus u (6) HopMupoBaHHAs (1O KOHIeHTparuu 0 Mr/mi
IUIsE KaXJOrO JIOHOpPA) 3aBUCUMOCTb CHUJIbI B3aUMOJAEHCTBUSI MEXAY SPUTPOLUTOM U SHIOTEIUEM OT
KOHIIEHTpaIuu Obrubero (pMOpHHOTeHa B CHIBOPOTKE KpoBU. CTaTUCTUYECKAs] 3HAYMMOCTh PacCUMTaHa
¢ momotbio Tecta ManHa-YutHu. Kakjas Todyka mpejcTaBiseT coOOi OfHO M3MEpPEHHE C OTHUM W3
00pas3IioB OT YEThIPEeX 3JOPOBBIX JOHOPOB.

TpeOyeT AOMOJHUTEBHBIX UccaeaoBaHmii. CKopee BCero, OHO OyIeT MHBIM, MOCKOJIbKY
npu psie NaToJOrHid, Kak ObUIO CKa3aHO B MEpPBOH IJaBe, HAOIIOJAETCS 3HAYMTEIIb-
HOE YBEJIMYEHUE aAre3uu 3puTpouToB K sHg0Teumio [110]. Takxke Ha puc.33a BUaHO,
YTO SPUTPOLIUT W SHAOTEJMIA B CHIBOPOTKE KPOBU IMYCTh U CJ1a00, HO B3aMMOJICUCTBY-
I0T JAPYr C APYrOM, YTO MpeAnojaraeT Haiudue Jpyrux (hakToOpoB, UHAYIMPYIOMIUX
B3aUMO/JIEICTBUE SPUTPOLIUT-IHIOTENIUNA. ITO TaK K€ MOKET O3HAYATh, UTO B3AaUMO/ICH-
CTBUE MEX]y SPUTPOLIUTOM U SHJAOTEJIUEM SIBJISIETCS PE3YJIbTATOM CUHEPIeTUYECKOTrO
3¢ deKTa HECKOIBKUX MaKpOMOJIEKYI mia3mbl [52]. Takke npu CpaBHEHUU COBOKYII-
HBIX JIaHHBIX (puc.33a) ¢ HOPMUPOBAHHBIMHK JIAHHBIMU TI0 KaXxJIoMy JoHOpY (puc.330),
BUJIHA OOJbIIIAsT pa3HUIA B CHJIaX B3aUMOJICUCTBUS SPUTPOLIUTA U SHAOTENIUS MEKITY
Pa3HBIMU JJOHOPAMU. DTO MOXET ObITh CBA3AHO C PA3JUYUSIMU B SHIOTEJIMU OT PA3HBIX
noHopoB. HopMupoBKa cuiibl B3aUMOAEHCTBUS MO CUJIe TIPU HYJIEBOH KOHILIEHTpaIuu
(pubprHOTrEeHa Kax/I0ro JOHOpa, AaeT OoJiee YETKYI0 3aBUCUMOCTh (puc.330).

Takske ObLIM IMOJyYeHbI OXKHJIaeMble PE3YJbTAThI, COTIACHO KOTOPHIM CHJIBI arpe-
raiyu v Je3arperaiuy SpUTPOLMTOB MOHOTOHHO BO3PACTAIOT C YBEJIMYEHUEM KOHIICH-
Tparuu pudpuHoreHa (cM. puc.34). DT pe3yabTaThl XOPOIIIO COTMACYIOTCS C HAITMMHU
pe3y/bTaTaMu, MOJTYUYEHHBIMU paHee [JIs SPUTPOLIMTOB B CHIBOPOTKE ayTOJOTMYHOMN

KpoBH [226]. IHTEpECHO, YTO CUJIBI arperayy SpUTPOLMTOB U CUJIbI B3aUMOJICCTBHUS
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Puc. 34: (a) 3aBucumocTh CHIIbl arperanuu, (6) CUibl ge3arperaiyu, (B) HOPMUPOBAHHOM CUJIBI arpera-
uuu (no koHueHtpauuud 0 Mr/mir U1 KaxkA0ro J0HOpa) U (') HOPMUPOBAHHOW CHUJIbI Ie3arperauuu (1o
KOHIeHTparmy O Mr/mT i1 KaXJI0ro JOHOPa) OT KOHIIEHTPAIUK Obrdbero (pruoprHOreHa, J00aBIIsieMoro
B CBIBOPOTKY KpOBH. CTaTUCTHUYECKAsl 3HAUMMOCTb PACCYMTAHA C MOMOIIIbIO TecTa MaHHa-YutHu. Kax-
1asi TOYKa MpeJCTaBIIsIeT COOO0I OTHO M3MEPEHHE C OIHUM M3 00Pa3IIOB OT YEThIPEX 3J0POBBIX JIOHOPOB.

MEXAy SPUTPOLIMTOM W SHJOTEJIMEeM UMEIOT OIuH Mopsiiok. [lo cpaBHeHuIo ¢ HOp-
MHPOBAHHBIMHU CHJIAMHU B3aWMOJICUCTBUS SPUTPOIUTOB C dHAOTeaneM (cM. puc.330),
HOPMUPOBAHHBIE CUJIbl arperanyy W Je3arperaiuu IeMOHCTPUPYIOT Pa3HUILy MEXKIy
noHOpamu (CM. puc.34Br).

AOGCOMOTHBIE 3HAYEHUS] CHJI MEXK]Iy SPUTPOIIUTOM M SHAOTEIUEM OTIMYAIOTCS OT
TeX e CWJI B Harlell npeapinyieit padote [199] mo neckonpkum npuurHam: (1) B 310
paboTe B KauecTBe Cpejbl MCIOMb30Balach CHIBOPOTKA, a He Ta3ma ¢ DJITA; (2) uc-
MOJIb30BAJICSI MOHOCJIOW SHAOTEIMAIbHBIX KJIETOK, a He OTACJIbHBIE SHIO0TEIUATbHBIC
KJ1eTKu. Takum 00pa3oMm, SKCIIepUMEHTAIbHBIA TU3aiiH B JaHHOU padoTe Oojiee OJU30K
K YCJIOBUSAM in Vivo, YeM B IIPEIbIAYIIEH.

Cwia B3auMOJICCTBUSL MEX]ly SPUTPOLUTOM U SHIAOTEIUEM B (PU3MOJOTHUUECKUX
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YCJIOBHSX Ha YPOBHE OIMHOYHBIX KJICTOK OblIa M3yUYeHa paHee, HAaCKOJIbKO M3BECTHO aB-
TOpy AuccepTanuu, B cratbe Mohandas [112]. B 3To¥i cTaThe M3MepeHusi TPOBOJUIUCH
C MOMOIIBI0 METO/Ia aCNMpallid MUKPOIMUIIETKON, a AUANa30H CUJI COCTABJISUI OKOJIO
22 nH. IlockospKy pa3iauyHble METOABI U3MEPEHUS CHJI MEKIY OJUHOYHBIMU IPUT-
pPOIIMTAaMU OCHOBAHbI Ha pa3HbIX (PUBMYECKUX MPUHIUIAX, PEe3YJbTaThl MOTYT CUJIbHO
3aBUCETh OT MCIIOJIb3yeMOro Metoaa. Harpumep, cusibl, ”3BMEpPEHHbIE C TTOMOIIIbIO Jia-
3€pPHOr0 MUHIETA, OTJIMYAIOTCS OT CHJI, U3MEPEHHBIX C MOMOUIBI0 METO/IA acIIUpaluu
MUKPONUNETKOW WJIA aTOMHO-CUJIOBOM MUKpockonuu [236]. [IBa mocinegHux metona
SIBJISIIOTCSL MPSIMBIMM METO/IaMU, TIPU KOTOPBIX IPUTPOLIMTHI MOJABEPralOTCs MEXaHU-
YECKOMY KOHTAaKTY, U CUJIbl arperaiuu 3pUTpOLUTOB, U3MEPEHHbIE C MOMOIIBIO ITUX
MeTOJI0B, HaxonsATcs B quana3oHe HH [237]. [TockonbKy a3epHblid MUHIET MO3BOJISET
3aXBaThIBaTh KJETKU 0€3 MEXaHMYEeCKOro KOHTaKTa, JUara3oH U3MepseMbIX CHIT JTyd-
1€ COOTBETCTBYET (PUBUOJIOTMYECKUM YCJIOBUSIM, YEM ITPU ACTIMPALIMM MUK POITUIIETKON
WJIM aTOMHO-CUJIOBOM MUKPOCKOITUU.

Tak:ke mojydeHHble JaHHbIE ObLTM 00padOTaHbl C MCIIOIb30BAHUEM HOBOTO CTaTH-
ctryeckoro tecta (cm. Ilpunoscenue 3. Pacuupenue naproz2o nepmymayuoHH020 me-
cma) ¢ IOMOUIBIO CPETHAX 3HAYCHUI CUJT U UX CTAaHAAPTHBIX OTKJIOHEHUH JIJIS1 KaK OO
JOHOpA M KaXJ0il KOHIIEHTpaluu. bblio nmokazaHo, 4YTo pe3y/IbTaThl CTATUCTUYECKOTO
aHajM3a KOppeJUpyIoT ¢ pe3ybTaTaMu, MOJyYeHHBIMU J1JIsI HOPMUPOBAHHBIX JAHHBIX.
Tak, B 4aCTHOCTH, HAOJI0JaeTCS CTAaTUCTUIECKY 3HaUMMBble pazmnuus (p < 0, 05) mex-
Ay CWIOW B3aWUMOJEWCTBUS SPUTPOLIATA U SHAOTENUS ITPU CPABHEHUU KOHIIEHTpAIUU
¢pudpunorena 0 mr/mia u 6 mr/mi; a takxke 0 mr/mia u 8 mr/mi. [Ipu rckyccTBeHHOM
3aBBIIIEHUU CTAHIAPTHOIO OTKJIOHEHUS CUJI CTAaTUCTUYECKAs] 3HAUMMOCTb MPOMNaJacT,
YTO SIBJISIETCSI OHUM M3 MOATBEPKJACHUIN COCTOSATEIbHOCTUA JAHHOTO TEeCTa.

[TonyueHHbIe pe3y/bTaThl OMyOJUKOBaHbI B cTaThe [238].

4.3 Buausaue L-aprunnna u L-NAME Ha B3aumMopeicTBie SpuTpOIUTOB H

SHA0TEJIHSA

B nanHOM pasgene npuBeeHbl Pe3yJbTaThl UCCIEAOBAHUA B3aUMOIEWUCTBUSA IH-
JOTENMs ¥ SPUTPOLIMTOB 3I0POBBIX 10OPOBOJIBIIEB NPU 100aBIeHUH L-apriuHuHa, Kak
cyoctpata qyist NO-cuHTa3bl 9HA0Te U U sputpouuToB, 1 L-NAME, kak uHruouro-
pa NO-cuHTa3bl, B CTAMOHAPHBIX YCJOBUSX Ha YPOBHE OTHEJBHBIX KJIETOK N Vitro C
IIOMOLLBIO JIA3EPHOrO MUHLETA. IpyruMu CJIOBaMy, LEIb SKCIIEPUMEHTOB COCTOSIA B

onpeeaeHUH BIMsSHUA okcraa azota (NO), BeipadaTteiBaecmoro NO-CHHTa301 Npy yBe-
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JIMYCHUH KOHLCHTPpAWU L—apr WHUHA Ha AD 1 a/IrC3UI0 IPUTPOLUTOB K SHAOTCIINIO B

YCIOBUSAX In Vitro.

4.3.1 IloaroroBka o0pa3noB

KpoBb 115 Bcex 9KCNEpUMEHTOB Opasi U3 JJOKTEBBIX BEH 3I0POBBIX TOHOPOB MY K-
ckoro nosia (N = 4) st noay4yeHus 11eJIbHO KPOBH C relapyuHOM JIMTUS B KauecTBe
AHTUKAYTYJISHTA.

L-aprunun (Sigma-Aldrich, CIIIA) saBnsietcs cyoctparom NO-cuHTa3bl, U 3apa-
Hee ObLT pa3BelllaH Ha BecaxX U pa3BejieH B JIMCTUJUTMPOBAHHOW BOJE A0 JOCTUXKEHUS
KoHIleHTparuu B pactBope 100 MM. [laHHbIil pacTBOp ObLI pa3iMT MO MPOOWPKaAM U
3aMOpOXkeH. [JJomycKaioch TOJILKO OIHOKPATHOE pa3MOpaKUBaHUeE. [JaHHBIA MaTOYHBIA
PacTBOP JIONOJTHUTEIBHO pa30aBIIsics 10 Heooxoaumoii koHreHTparuu 10 wm 20 MM
U jajiee A00aBJIsAICS B JIYHKHU ILJIAThl C SHIOTEJIMEM, /WK B IUIa3My KpOBH (J10 100aB-
JICHUS1 SPUTPOLIUTOB).

L-NAME (Sigma-Aldrich, CIIIA) sBnsieTcsl HeceJIleKTUBHBIM MHIMOUTOPOM CHUHTA-
3p1 NO 1 3apaHee ObLT pa3BelllaH Ha Becax U pa3BelieH B TUCTUUIMPOBAHHOHN BOJE 11O
JOCTHKEHHUSI KOHIIEHTpaIuuy B pactBope 85,7 MM. JlaHHbIi pacTBOP ObLT pa3JIUT IO TPO-
OupKaMm 1 3aMOpoxkeH. J[oMmycKanoch TOJbKO OAHOKPATHOE pa3MopakuBaHue. [laHHbIHA
MAaTOYHBIA PACTBOP JOIMOJHUTENHLHO pa30aBIIsuIics 40 HEOOXOAUMOM KoHlleHTparmu 40
MM U 106aBJISIICS B JIYHKH TUIATHI C SHIOTEIUEM.

JLJ1st KaXJ10T0 IOHOpa UCCIIeOBAIOCH 6 00pa3IioB, KOTOPhIE MPUBEACHBI B TA0J.7.

Ta6mmma 7: O6pasiibl, UCTIONIB3yeMble B SKCTIEpUMEHTax 1o BimsiHuIo L-aprunnHa u L-NAME Ha B3au-
MOJEWCTBHE IPUTPOLIUTOB U SHJOTENUSA. «+>» — IPOUCXOAUIIO JOOABJIEHUE; «-» — HE IIPOUCXOIHIIO.

Ne L-NAME L-AprunuH K 3HA0TENNIO L-AprunuH K apuTpouuTamMm
! o +10 MKJI THCT.BOZIA 500 MK TI1a3MBI+5 MKJI JUCT.BOAA
’ B + +
+10 mxut L-aprunus (10 MM) | 500 Mk rma3mbi+S Mk L-aprusaus (10 MM)
— +
3 o +10 MKJI qucT.BOIA 500 Mk ora3mbi+S M L-apruams (10 MM)
+ —
4 o +10 mxut L-aprunus (10 MM) 500 MKJI TUT1a3MBI+5 MKJI IUCT.BOIA
5 + + +
+5 Mk L-NAME (40 MM) | +5 vk L-aprusus (20 MM) | 500 Mk mma3mei+5 Mk L-apruaus (10 MM)
+ + —
6 +5 Mk L-NAME (40 MM) | +5 Mk L-aprunus (20 MM) 500 MK m1a3MbI+5 MKJI JUCT.BOJA

B 1a61.7 «+» — poucxoausio qo0aBieHne; «-» — He ipoucxoaunio. KoneuHast KoH-
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nentpanus L-NAME cootBerctByeT 200 MKM B 0obOpasiiax «5,6», KoHIeHTpaius L-
apruanHa cootBeTcTBYeT 100 MKM B oOpasnax «2,3,5». K sngorenuio (1 M cpempl)
nobasscs L-apruauH (B KauecTBe KOHTPOJIS J00aBIIAIACh IUCTUIUTMPOBAaHHAS BOJIA),
nHKyOarus ¢ L-apruanaom aivacek 1 gac. [pu go6aBnenuu L-apruauHa K raa3me Kpo-
Bu (500 MkJ1) nHKyOanuu He nmpoBoauiack. [Ipu uccnenoanuu Bo3aeticteus L-NAME
cHayvasa K sHgotenuio godasisuicss L-NAME, npoucxoauia nHKyOalms ¢ HUM B Tede-
Hue 1 vaca u nanee goOaBisicsa L-apruHuH, ¢ KOTOPBIM MHKYOArus Takxke IIiach |
yac. MukyOanus ¢ sugorenueM npoucxogwia npu 37 °C. JlodaBieHue IucTUUTUPOBAH-
HOM BOJIBI K TJIa3Me OBbLIIO CAEIAHO JIJIsl TOTO, YTOOBI Y BCeX 00pa31ioB ObUIA OMHAKOBBIE
KOHIIEHTpaIuu OEJIKOB M OCMOJISIPHOCTD pacTBopa. Jlob6aByieHre Takoro KoJInmuecTBa Bo-
Ibl He U3MeHseT (hOpMY SPHUTPOIUTA, TaK KaK OCMOJIIPHOCTh U3MEHsETCs He OoJee,

yeMm Ha 3-5 MOcMm/Kr.

4.3.2 Ilosy4deHHbIE Pe3yJbTaThl U UX aHAJIN3

B uccnenoBanuu A.B. MypasbeBa [184] 0 BIMAHUM pa3IMYHbIX KOHUEHTpauui L-
apruHrHA Ha arperalMoHHbIe CBOWCTBA SPUTPOLIUTOB OBLIO BBISICHEHO, UTO MaKCUMAJTh-
HbIl 3(ppexT magenus AD HabmogaeTcs npu KoHieHTpauuu L-aprunuHa 100 MkM.
9710 ke ObUIO MOKA3aHO B CTAaThe, B KOTOPOH OIMyOJMKOBAHBI Pe3y/IbTaThl OMKCHIBAEC-
Moro skcrepuMenTa [239]. [Ipu 3ToM HaOmoAaeTCA XapakTepHasi KOJOKOJI000pa3Has
3aBUCUMOCTh CHJI arperaiyy SpUTPOIMTOB OT KOHLIEHTpalmu L-apruauna, 4To 00bsic-
HsieTcs uHruouimein NO-cuHTa3bl CBOUM ke COOCTBEHHBIM TTpoayKToM, T.e. NO [240].
DTO NPOUCXOAUT B OCHOBHOM ITPU BHICOKUX KOHIEHTpalusix NO, 4To (pU3NOJI0rnYecKn
3alIUIIAET KJIETKU OT HUTOTOKCUYECKU BBICOKUX KOHLIeHTpauuii NO. IMeHHO osTomy
BO BCceX 0oOpasiiax, B KOTOpble A00aBisics L-apruHuH, ero KoHeuHass KOHIEHTpallusl
cocrasiisia 100 MkM.

Pe3ynbTaThl ©3MEpEeHUs CUJI arperalyu 1 ie3arperaiuu, npeacTaBjIeHHbIe Ha puc.35,
MOKa3ajiu, 4To AoOaBiieHue L-apruHuHa K SpUTPOIUTAM B IJIa3Me HEeMOCPEICTBEHHO
nepes] SKCIepUMMEHTOM HE BBI3bIBAET CTATUCTUYECKH 3HAUYMMBIX U3MEHEHU B AD (CM.
puc.35, obpazenr 1 u 2). YuuTeiBas 3TH pe3yabTaThl, MOXHO CAeNaTh BbIBOA, 4TO NO-
CUHTAa3a SpUTPOLMTA HE BHI3BIBAET 3HAUYMTEJIbHBIX MU3MEHEHUN B AD. OIHaKo mnpen-
BapuUTeJIbHAsA MHKYOAIUs SHI0Te/MS C L-apruHMHOM BBI3BIBAET 3HAYUTEIHPHOE CHUKE-
Hue cuit AD (Ha puc.35, cpaBHeHue oOpasuoB 1 u 3-4). Ha ocHOBaHUM MOJTy4YEeHHBIX
pE3yJIbTaTOB MOXHO CJieJlaTh BBIBOA O TOM, 4TO (a) jmoOaBieHue L-apruHuHa K SpuT-

pouMTaM He BJeuyeT 3a coOOi M3MEHEHUsl CHJI arperaluy U Je3arperaiuu B MpUcyT-
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CTBUM SHAOTENMs (cpaBHeHHe oOpas3toB 1-2 u 3-4), (0) npenBapuTebHas MHKYOAIUsI
SHI0TE M C L-apruanHOM BBI3BIBaeT BHIpaOOTKY NO, KOTOpasi MpoaoKaeTCs Jaxe
6e3 L-apruauna B oOpasmax BO BpeMsi u3Mepenuil (oopasusl 3 u 4), (B) 3¢ dexT oT
HJ0TeMi-niporu3BogHOro NO mposBisieTcsl paHbllle, yem 4yepe3 15 muH. (cpeaHee
BpEMsI OJHOTO U3MEPEHHs, BKJIIOUAsl BpeMsl OATOTOBKH KIOBETBI, COCTABJISIET MOPSAKA
30-40 mun.). [IpenBapurenbHas nHKyOanus sugorenus ¢ L-NAME HuBempyeT Bius-
Hue NO Ha AD (06pasiipl 5 u 6), 4To eire OoJIbIIe MOATBePKIAET TUIIOTe3y O BIUSHUU
sHgoTemit-npousBogHoro NO Ha AD. M3MepeHHble CUIIbI arperaiyy 1 Jie3arperaiun

cocTtaBysii ot 4 go 6 mH.
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ObpaseL Obpasey

Puc. 35: (a) 3aBucumocTs cuibl arperaiuu, (6) cuibl gezarperaiuu, oT oopasia npu aodasieHnu L-
apruanHa/L-NAME (cM. Ta6:1.7). CTatuctudeckast 3HaUMMOCTb PacCUMTaHa C MOMOIIbI0 TecTa MaHHa-
YutHu u rpaduuecku orodpaxeHa Toibko Mexay 1 u 3, a takxke 1 u 4 obpasuamu. Kaxngas touka
NpeACTaBisieT cOOO OIHO U3MEPEHHE C OIHUM U3 00PAa3IIOB OT YETHIPEX 30POBBIX JOHOPOB.

3aBUCUMOCTh CWJIbl B3aUMOJACHCTBUS MEXKIY SHAOTEIMEM W SPUTPOLUTAMHU LIS
pasHbIX 0OpasuoB npu nodasienun L-aprunnna/L-NAME npencrasnena Ha puc.36.
Hwu L-aprunun, Hu L-NAME He BbI3bIBa/IM 3HAYUTEILHBIX W3MEHEHUI B CUJIE A/IT€3UN
SPUTPOIUTOB K HIOTEJINIO0 HM B OJHOM U3 UCCJIeAYeMbIX 00pa31ioB. MI3MepeHHbIe CHITbI
coctaByisiiim ot 0,5 1o 1 nH. D10 3HAYMT, YTO IPU PACCMOTPEHUHN SPUTPOLIMTOB 3]10-
POBBIX JIIOJEW U SHAOTENHSA B (PUBUOJIOTUUECKOM COCTOSIHUM, L.-aprMHUH HE BIUSET Ha
B3aMMOJIECTBYE IPUTPOLIUT-IHIOTEIUN.

[TonyuyeHHbIe pe3yibTaThl OMyOJUKOBaHbI B cTaThe [239].
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Puc. 36: 3aBrcuMOCTb CHJIBI B3aUMOJCHCTBHUS MEXKIY SPUTPOIUTOM M SHIOTEJIMEM OT oOpasma mnpu
no6aenennn L-apruanHa/L-NAME (cum. 1a611.7). CtaTUCTHYECKast 3HAUMMOCTh PACCUUTAHA C IIOMOIIIBIO
tecta MaHHa-YuTtHu. Kaxas Touka npeactaBisieT coO0i OHO U3MepeHHe C OJHUM U3 00pasIioB OT
YeThIpeX 3/I0POBBIX TOHOPOB.

4.4 T'mapoauHaMHyecKasi IPOYHOCTh SPUTPOIUTAPHBIX arperaTtoB B

MI/leO(i)JIIOI/IIIHI)IM KaHaJie, BbICTJIAHHOM SHA0Te/JINaJbHBIMHI KJIC€TKAMHU

B nanHom paszjelie puBeeHbl Pe3YJIbTaThl UCCIIEJOBAHUS BIUSHUS IOKPHITUS MUK-
podmongHoro kanana KwoBeTbl RheoScan sHporemmanbabiMu kietkamu HUVEC Ha

MUKPOPEOJIOTMYECKUE [IApaMETPhI KPOBU in Vitro.

4.4.1 IloaroroBka oOpa3moB

Suporenuanbabie KieTk (HUVEC) mist JaHHBIX 9KCIIEPUMEHTOB OBLIH MPEI0CTaB-
nensl MHCTUTYTOM OMOJorum pa3sutus umeHn A.B. KonbiioBa PAH. DHgoTemansHbie
KJIETKH KYJIbTUBUPOBAJIUCH B KYJIbTYPaJbHBIX KOJOAX C KOJUIAr€HOBBIM MOKPHITUEM B
CTaHAAPTHHIX ycsoBusX (mHKyOarus nmpu 37 °C u 5%-CO5) B cpeae M 199, nononHeH-
HOM consamu Dpina (PanEco), conepxaieit 10% FBS (HyClone), 1x Glutamax (Gibco),
Ix ITS (Gibco), 10 ar/mn EGF (Invitrogen), 10 ar/min FGF (PeproTech) u 8000 En/mn
renapuHa (Sigma). Mcnonb30Banuch KJIETKH U3 2-6 maccaxa.

J1151 SKCepUMEHTOB 10 JIA3€PHOM arperoMeTpun CyCIeH3UI0 SHA0TETUAIbHbIX KJle-

TOK BBOAWJIM B MUKpoKaHaJ kioBeThl RheoScan (tunm RSD-KO01, cm. puc.18), nmpeasa-
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PUTEJIBHO MOKPBITOro KosuiareHoM I-ro tuna. Ilepen BBeieHUEM KJIETOK KIOBETHI CTe-
PUIM30BAIM YAbTPapUOIETOBBIM 00ydeHreM. [locie MHbEKIIMU YMITbl BbIIEPKUBAIH
B MHKy0OaTOpe B TEUYeHHE 2 4acoB, YTOOBI BCE KJIETKU B CYCIIEH3WU MPUKPETUIIHCH K
MOBEPXHOCTU KaHasa. B Teuenue nepsbix 30 MUH. HHKYOAIIMOHHOTO MEpUOJA KIOBETa
NEPUOANYECKY MOBOPAYMUBAIACH [T HOAACPKaHNS OJHOPOJHOTO MOKPBITHSI TOBEPXHO-
CTH MUKPOKaHaJIa.

B sKcniepuMeHTe UCIoIb30BaIUCh 00pa3Iibl LEIbHONM KPOBU 6 3I0POBBIX JOHOPOB
(Bo3pact 22-29 net) u S nauueHToB ¢ Al (Bo3pact 54-73 siet). Y Bcex paccMaTpyuBaeMbIX
NaueHToB Obuta quarHoctTupoBaHa Al, oqHako y 4 u3 5 ObUIO Takke COMyTCTBYIOIIEe
3aboneBanue UBC, n'y 2 uz 5 — ®II. Hebomnbinas BbIOOpKa HE MO3BOJISIET pa3/iesuTh

IMMaIMCHTOB Ha IMOATI'PYIIIILI.

4.4.2 Pe3yabTaTbl 4 00CYK/EeHUS

[TonyuyeHHbIe pe3yabTaThl IpeacTaBieHbl Ha puc.37. 3uauenus C'S.S B KpOBU Maliu-
eHTOB ¢ AI' cTaTUCTUYECKH 3HAUMMO BhIIIIe, yeM 3HaueHus C'S'S, n3mepeHHble B 00pas-
[1aX KPOBHU 3JI0POBBIX JOHOPOB KaK B KIOBETAX C MX MOKPHITUEM IHJOTEJEINATbHBIMU
KJIETKaMU, Tak 1 6e3: 209452 mI1a B kpoBu 370poBbIX J0HOPOB U 306 69 MI1a B kpoBH
naiueHToB ¢ Al" (6e3 MOKpBITHS SHI0TeMaTbHBIMU KieTKamu); 142 + 44 mlla B kpoBu
300POBBIX JOHOPOB U 234 4= 47 ml1a B kpoBu nanueHToB ¢ Al (C MOKPBITUEM SHIOTEIU-
aJIbHBIMU KJIETKaMM). B cilyyae npucyTCTBUS SHIOTENNS CTATUCTUYECKAST 3HAUMMOCTb
pa3IMuMii MeX1y 3JJ0POBBIMM JIOHOPaMHU M MallMEHTAMU B 2 pa3a Bbllle, cortacHo U-
tecty ManHa-YurtHu (cm. puc.37). T0 CBUIETEIBCTBYET O TOM, YTO KYJIbTUBUPOBAHHE
KJIETOK H/I0TEJMS B KaHAJIE KIOBETHI MO3BOJIMJIO 3HAYUTEIBHO MTOBBICUTH UyBCTBUTEIb-
HOCTb JIA3€PHON arperoMeTpuy K MUKPOPEOJIOrMYECKMM HAPYIIEHUSAM KPOBOTOKA IpU
AT’ Tak:xe BUIHO, YTO MOKPHITUE MUKPOKAHAJIa SH0TEIMEM IPUBEJIO K CTATUCTUYECKHU
3HaUUMOMY CHIkeHuio C'S 'S Kak B Hopme, Tak u ripu Al. CtaTrcTryeckas 3HaYUMOCTb
1151 3AaBUCUMBIX BHIOOPOK PacCUUTHIBATACH C TOMOIIBIO KpUTEpHsl Y MIIKOKCOHA, a TaKXkKe
JOTOJHUTEIIBHO AEJaJICA PACYET C MOMOLIBI0 HOBOT'O KPUTEPHS, OITMCAHHOIO aBTOPOM
B [Ipunooicenuu 3. Pacuupenue naprozo nepmymayuoHHo20 mecmad, KOTOPbIA TaKxke
MoKazaJl HaJIMure cTaTUCTUYECKo 3HauumMocTu (p < 0.05).

BaxHO OTMETUTD, YTO NPUIOKEHHUE BHEIIIHETO CBUTOBOTO HAIPSI)KEHUS IIPU U3MeE-
PEHUU arperalMoHHbIX U JIe3arperaifiOHHbIX CBOMCTB SPUTPOIIMTOB B YCJIOBUSIX MOTOKA
HE BJUsIET HAa (PU3UOJIOTUYECKOE COCTOSTHUE IHAOTEIMABHBIX KJIETOK B MUKPOQIIONI-

HOM KaHaJie. Hanpsokenus capura B mpuoope RheoScan nipu mamepenuu C'S 'S B cpegHemM
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cocrapisiiot 10 20 ITa, yTO He JOKHO IMPHUBOAMUTL K M3MEHEHUSIM B SHIOTEJIMAIbHBIX
kieTkax. CTaTucTUIeCKr 3HaUMMoe cHkenre C'S'S pu HAIMYMK SHJOTEJUs B KaHa-
Jie CKopee BCero CBA3aHO C TeM, YTO IPY HAJTMYUK SHAOTENMsI CO3JAI0TCS YTy dllIeHHbIE
THIPOAVMHAMUYECKHE YCIIOBUS I KPOBOTOKA B MUKPOYHIIE C INEJEBOM MPSAMOYTOJIb-

HOW T€OMETPUEH.

500
p=0.01 (M.W.)
450 A p=0.02 (M.W.)
p=0.03 (W)
400 A
350 -
< ~0.02 (W)
= 300 b=
Lr)‘ 1 ——
8 250
O
200 1 \%e)
N O s
150 A - ¢ ®
O
100 - - -
50 n=6 n=6 n=>5 n=5
HOPMA ~  HOPMA Al ' Al
NNacTUK SHAOOTENNN NNacTuK SHOO0TEeNUN

Obpazsel

Puc. 37: BausHye NOKpeITHSA TUIACTUKOBOIO MHUKpoduonaHoro kaHana KioBeTsl RheoScan snporenu-
QIBHBIMHU KJIETKaMH Ha TMIPOIUHAMHUYECKYIO MPOYHOCTh arperatoB (C'S'S) 1enbHON KPOBU 340POBBIX
noHopos (HOPMA) u nmauueHToB ¢ aprepuayibHoi runeprensueit (Al). Kaxpaasa Touka npeacrasiser
coboit cpennee 3nadenue C'SS omHoro yenoeka. M.W. — U-tect Manna-Yutaun; W — Kputepwii
YUIKOKCOHA.

OpHAaKoO MeXaHW3Mbl, IPUBOASAIIME K U3MEHEHUIO NTOTOKA U MUKPOPEOJOTHYECKUAX
1apamMeTpPOB KPOBU MPU MNOKPHITUM UCKYCCTBEHHBIX KAHAJIOB SHOTEIMAIbHBIMU KJIET-
KaMH elle He 10 KOoHIa u3ydyeHbl. C OJHON CTOPOHBI, CUMTAasl TONIUHY MOHOCJIOS 9H-
notenust papHou 0,1-10 mxm [106], MOKHO OXkUAATH U3MEHEHUS B PO]UIIE CKOPOCTEN
MOTOKA B MPSIMOYTOJIbHOM KaHaJjie KIoBeThl. [leficTBUTEIbHO, TPU YMEHbIIIEHUU ITUPUHBDI
Y BBICOTBHI MPSAMOYTOJBHOIO IUIOCKOTO KaHajla, COMIACHO YPaBHEHUIO HEPa3pPbIBHOCTH

JUIS TIOTOKA HECKUMAEeMOM KUIAKOCTH, CKOpPOCTDH IIOTOKA YBEINYUBACTCA, CCIIN 00b-
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eMHbIi pacxon Q octaetcs moctosiHHbIM. [locneaHee, B cBOO ouepejb, MPUBOAUT K
YBEJIMYEHHUIO CPEIHEN BEJIMUMHBI HAIIPSIKEHUS CIIBUTA.

CornacHo 1aHHOH TUIIOTE3€ CABUTOBbIE HANPSI)KEHUS B KaHAJIAX C SHIOTEJIUEM BbI-
1€, U SPUTPOLIMTAPHBIE arperaTbl pa3AeisAoTCs JIerye, MOCKOJIbKY U3MEPsEMOe 3Have-
Hue C'S'S paccunThiBaeTCs MO 3a/IaHHOM TONIIUHE KaHaJIa M PA3HOCTH JIaBJIEHUIN MEX Ty
OByMs pe3epByapamu (cM. puc.18). OgHAaKO CTOUT TaKK€ YUYUTHIBATH BIUSHUE HEPOB-
HOCTH ITOBEPXHOCTA MOHOCJIOS SHIOTEMSA HA IPUCTEHOYHBIE CIBUTOBBIE HAIP IKECHHUS.
JleficTBUTENIbHO, B cTaThe [241] moka3aHo, YTO cpe/iHee HalpsKEHUE CBUra B KaHAJIE,
MOKPBITOM SHAOTEIUATbHBIMUA KJIETKaMHU, YBEJIMUYMBAETCS C POCTOM BEJMYMHBI Bapua-
LM TOJIIMHBI MOHOCJIOS] SHAOTEIIHSL.

JlonoMHuTEeIbHO HaMu ObLJIO TPOBEIEHO YUCTIEHHOE MOJIEIMPOBAHKE BIUSHUS LIIEPO-
XOBaTOW IMOBEPXHOCTH, MOAEIUPYIOLIEN TOBEPXHOCTh MOHOCJIOS SHAOTEINNS, IO CPaB-
HEHUIO C IT1aIKOW MOBEPXHOCTHIO HA PUCTEHOYHBIE CABUTOBbIE HaIpsikeHus. Monenu-
poBaHMe OBLIO ITPOBEACHO C MOMOIIBI0 ITporpammHoro komruiekca COMSOL Multiphysics
6.1'% ¢ ucnonpzosanuem moayns Laminar Flow, B OCHOBE KOTOPOTO JIeKaT ypaBHEHH S
Hasbe-Crokca. PaccmarprBasacek yacTh MUKpOKaHata KioBeTbl RheoScan ¢ gyimnoii 0,3
MM M CO CTaHAApTHBIM NPsAMOYrojbHbIM NpodpuieM (5x0,2 mm). Ha koHuax kaHasa
ObUTM BBICTABJIEHBI IPAHUYHBIC YCJIOBUS MO AABICHUIO: Pyyon = 11la U Pyyyxon = 01la.
PaccMmarpurBasioch TeUEHUE M0 TaHHOMY KaHaly HbIOTOHOBCKOM KUAKOCTH C BS3KOCTBIO
n = 1mlla*cek. PaccmarpuBaiiuce 2 ciyuasi: miajkasi OBEPXHOCTb, MOJEIUPYIOIAs]
MTOBEPXHOCTh KaHaJIA IJTACTUKOBOM KIOBETHI, U IEPOXOBATAs [IOBEPXHOCTh, MOAEJIAPYIO-
11as MOHocJI0i 3Ha0Tenu. [locie nmosydeHns pe3ysibTaToB MOJICIMPOBAHNS PACCUUTHI-
BAJIMCh MAKCUMAJIbHbIE U CPEJJHUE 3HAYEHUS PUCTEHOYHBIX CABUTOBBIX HAIPSIKEHUM,
a TakXe cpeJHee 3HAUeHUEe CIBUTOBBIX HAIpsDKeHUN B oObeme. Pe3ynbraTthl Mojesu-
pOBaHUs MpeAcTaBieHsl B Ta0J1.8. 3 MonydYeHHBIX pe3yibTaTOB BUAHO, YTO CpeIHUE
3HAYEeHUsI CIIBUTOBOTO HAMPSIKEHHS MO0 00beMYy MOUTH HE OTINYAIOTCS MIPU CPAaBHEHUU
HIEPOXOBATON U IMAJKOW MOoBepXxHOCTENH. OAHAKO OTIMYAIOTCS MAKCUMaJIbHbIE 3HA4Ye-
HUS IPUCTEHOYHOI'O CIBUTOBOrO HAIPSIKEHUS, YTO CBUAETENBCTBYET O TOM, YTO MPHU
HaJIMYMM IEPOXOBATON MOBEPXHOCTH (T.€. MOBEPXHOCTU MOHOCJOSI SHJAOTENUs) yBe-
JIMYMBAETCS BaApUATUBHOCTH ITPUCTEHOYHBIX CIBUI'OBBIX HAIIPSKEHUI, B TO BpeMs Kak
CpPEeIHAE 3HAYECHUS U3MEHSAIOTCSA HE CTOJb 3HAYMMO. BO3MOXKHO, UMEHHO 3TOT (pakT
MOXET O0BSICHUTH Oosibliie pazinuus B C'S.S npu pacCMOTPEHUU KIOBETHI, ITOKPHITOM

SHIOTCJIMAJIbHBIMHU KJICTKaMU.

Bhttps://www.comsol.com/product-download/6.1
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Ta6auna 8: BiusHue mepoxoBaToi MOBEPXHOCTU HA CABUIOBBIC HANPSIKeHUs K KioBeTe. MojiempoBa-
HHUE OCYIIECTBIISUIOCH JJIsl HBIOTOHOBCKOM KHMIKOCTH IS rpaauerTa napienus AP = 3, 33 [Ta/mwm.

I'magkas mMoBepXHOCTD, IITepoxoBaTas MOBEPXHOCTbD,
CnBuroBoe HarnpsiKeHue o
MoOJeMpyomias MIACTUK | MOJeIUpyoLas SHA0TeNR
MakcumasnbHoe rnpucteHouHoe, mlla 1026 2373
Cpennee npucteHovHoe, mlla 326 322
Cpennee no oobvemy, mlla 168 167

[TonyyeHHble pe3y/bTaThl MO3BOJSAIOT JIMIIHANA pa3 MOAYEPKHYTb, YTO IHAOTEIMIA
CYILLECTBEHHBIM 00pa30M BJIMsIET HA KPOBOTOK, UTO TaK:Ke OKa3blBA€T BJIMSHUE HA MEP-
(py3uto TkaHei.

[Toy4yeHHbIE pe3yabTaThl OIyOJIMKOBAHH B cTaThe [242].

4.5 Bimsinue TEMIICPATYPhbI HA arperaiumuio SpuTponuron

B nanHOM pa3jesie mpuBeAeHBI Pe3y/bTaThl UCCIeIOBAHUS BIUSHUSA TeMIEepaTyphl
Ha arperaruio SpUTPOIUTOB in Vitro C IOMOIIBIO JIA3EPHOTO arperoMeTpa SpUTPOIUTOB
RheoScan.

4.5.1 IloaroroBka o0pa3noB

KpoBb 1151 Bcex aKCIepuMeHTOB Opasiv U3 JIOKTEBO BEHbI OJJHOT'O 3J0POBOIO JIOHO-
pa My:kckoro nona u ctabunuzupoBanu DI TA K3 antukoaryasarom. 715 sKcriepumeH-
TOB MCHOJIb30BAJM 1IEJIbHYI0O KPOBb, HAXOSIIYIOCS MEepe]] MOMEIIEHUEM €€ B KIOBETY,
npu komHaTtHO# Temriepatype (22 °C). [Tockonbky npudop RheoScan yctpoen takum
00pa3oM, UTO MOXET TOJILKO HarpeBaTh 0Opasel] v MOAIePKUBATH BHICTABJICHHYIO TEM-
neparypy, To BCe U3MepeHus 11 OT OoJiee HU3KOH K OoJiee BbICOKO Temnepatype. O0-
pazer nmomeriaicsa B kioBeTy RSA-CO1 («manenbkyio») uau RSD-KO1 («6ompiyio»),
W 3aTeM KIOBETa IMOMeIajach B U3MEPUTENIbHYIO SYeiKy, rjae oOpasel] MmporpeBajics
Mepe]l Ha4yajioM M3MepeHusi B TeyeHue 2 MuH. i KioBeTbl RSA-CO1 u B TeueHue 5
MuH. Ui KioBeTbl RSD-KO1. Beutn mpoBeieHbl TECTOBBIE 9KCIIEPUMEHTHI, KOTOPBIE T10-
Ka3aJiv, 4TO 32 IAHHBIA [IPOMEKYTOK BpeMeHH o0pa3el] KpOBH yCIIEBAET MPOrPeThCs 10

BBICTABJICHHOM T€MIIEPATYpHI.
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4.5.2 Ilousy4deHHbIe Pe3yJabTaThl U HX AHAJIN3

3aBUCUMOCTb arperaliOHHbIX CBOWCTB PUTPOLMTOB OT TeMIEpaTypbl 1EJIbHON
KpOBU U3Mepsiiach B Anana3oHe 34 — 45 °C. BaxxHo 3aMeTUTh, UTO JIeHaTyparus OeJ-
KOB IUIa3MBbl y:x€ HaumHaercs rnpu 43 °C, B cBa3u ¢ yeM temneparypsl 43 — 45 °C xoTb
U He SBJISAIOTCS (PU3UOJOTMUECKUMU, OJHAKO BAKHBI [JI OOINEro MOHUMAHUS BIIMS-
Hus Temrieparypbel Ha AD. [lonydeHHble 3aBUCUMOCTH MapamMeTpoB A, U3MEPEHHBIX
Ha «MaJIEHbKOI» KIOBETE MpUBeIeHbl Ha puc.38. 13 JaHHBIX 3aBUCUMOCTEN BUIHO, UTO
TeMIiepaTypa BIMsET Ha BpeMs 00pa30BaHus JUHEHHBIX arperaToB (puc.38B), HO He 3D
arperatoB (puc.38r). ITo Takke XOpOoIIo BUAHO JJIs UHJEKCOB arperauuu mpu 2,5 u 10
CeK., IOCKOJIbKY 17151 2,5 ceK. koaddunineHT [Tupcona 6omnbine 0,7, a s 10 cex. — 9y Th
oospbie 0,5. ITo mosy4eHHBIM JaHHBIM MOXHO CKa3aThb, YTO AD pacTeT NpU yBEJIMUYEHUU

TemriepaTypsl ¢ 34 no 45 °C.

Tak:ke ObLTH MTPOBEJACHBI U3MEPEHUS 11 «OOJIBIIION» KIOBETE JJIS1 TeMITepaTyp 00-
pasua 25 — 43 °C. IlonydyeHHblEe TaHHBIE COOTBETCTBYIOT PE3YJIbTaTaM, IOJYYEHHBIM
B cTaTbe [243], rme auana3zoH temriepatyp Obul BeiOpad oT 4 mo 37 °C. B mpuBenen-
HOH CcTaThe MOKA3aHO, YTO FMAPOJUHAMUYECKAsk MPOYHOCTh arperatoB (CSS) cHauana
YMEHBIIIAeTCsI C POCTOM TEMIIEPATYphl, a 3aTeM yBeanurBaeTcs. Touka neperuda coot-
BETCTBYET npumMepHO 25 °C.

[MpuurHa noBbimeHUsT AD B 1IeJIbHON KPOBU C POCTOM TEMIIEPATYPbl MOXKET OBITH
0O0bsICHEHA B paMKaX M3MEHEHMs BSI3KOCTH IUIa3Mbl. [Ipy MOBBIIEHMU TEMIEPATYPbI
BA3KOCTb IJIa3Mbl YMEHBIIAETCS, U IPUTPOLUTAM CTAHOBUTCS JIETYe MEepeMeIaThcs B
o0beMe M B3aMMOJEHCTBOBATh APYT C apyrom. B ctaTthe [244] ObLIO TOKa3aHO, YTO
BJIMSTHUE TeMIIepaTypbl Ha CKOPOCTh 0Opa30BaHUS IPUTPOIIMTAPHBIX arperaToB MOKHO
YCTPaHUTh IIyTEM YMHOXKEHHUS UHJIEKCA arperalyu Ha BA3KOCTb IUIa3Mbl, COOTBETCTBY-
IOIIYIO BBICTaBJIEHHOW TemriepaType. Mcxoas U3 3TOro, MOXHO CHENATh BBIBOJ, YTO
MOCKOJIbKY JIMHEWHBIE arperatsl 0oJiee MOABMKHBI B CBSI3M CO CBOUMU pa3Mepamu, TeEM-
neparypa BiuseT Ha HUX Oosblie, yem Ha 3D arperartsi.

Temriepatypa BiauseT U Ha 1epOPMUPYEMOCTb SPUTPOLIMTOB, UTO TAKKE CKa3bIBa-
eTcs Ha ux arperanuu [245].

[TprunHa HeMOHOTOHHOM 3aBrcUMOCTH CSS OT Temriepatypbl He 00bSICHEHa, U CKO-
pee BCero KpoeTcs B TOM, YTO IPOYHOCThb arperaToB He BCErja KOppeaupyeT ¢ napameT-
pamu crioHTanHoi AD. TpeOyoTcs AanbHeHIIe uccae10BaHus BIMSHUASI TEMIIEPATY Pbl

Ha TMIPOAUHAMUYECKYIO IIPOYHOCTD arperaTos.
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Puc. 38: 3aBucumocTs mapamerpoB uHaekca arperanuu (Al) mns (a) 2.5 cek. u (6) s 10 cexk.; (B)
BpeMeHU 00pa3oBaHus JIMHeWHBIX ¥ (r) 3D arperaToB OT TeMrieparypbl. 3akpaiieHHas 001actb — 95%
JOBepUTebHBIA MHTepBaL. Kakaas Touka COOTBETCTBYET OJTHOMY M3MEPEHHUIO Ha OTHOM 00pa3iie KpOBH.

YacTb NOTy4YeHHBIX pe3y/IbTaTOB OnmyOmMKkoBaHa B [246]. CM. Takke 3aBUCUMOCTD

A oT TeMIiepatypsl B pacTBOpE JIEKCTpaHa B cTaThe [S8].
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[TTIABA 5. CO3JAHUE ITOPTATUBHOI' O PUTPOLIUTAPHOI'O
AT'PETOMETPA

5.1 JlazepHble arperoMeTpsbl sl HCCJIeI0BAHNSI arperamioHHbIX CBOMCTB

SPUTPOIUTOB

JlazepHble arperomMeTpsl sl u3ydeHus AD MOryT ObITh IOCTPOEHBI Ha OCHOBE (DO-
TOMETPUYECKOTO MeTOAA (KOJUIMMUPOBAHHOTO MIPOITYCKaHUs CBETA Yepe3 CJIOW KPOBH)
[4], cBeTOpaccesiHUA B pa3Hble YIUIbI [4], aHaM3a Ta3epHBIX CIEeKJIOB [247] u ap.

B KOHCTpYKIMM JTa3epHOr0 arperoMeTpa JA0JKHO ObITh IPEelyCMOTPEHO, YTOOI 00-
paszel] KpoBH Iepe]] U3BMEPEHUEM MOT MO/IBEPraThCsl TOCTATOUHO BBICOKOM U kKeJlaTelb-
HO KOHTPOJIMPYEMOIM CKOPOCTHM CIBUTA 7y WJIM HANPSLKEHUS: SPUTPOLIMTAPHBIE arpera-
Thl B IUIA3M€ KPOBU JJIsl 3JI0POBOTO YeJIOBEKA MOYTH MOJHOCTHIO pa3pyllaloTcs Mpu
4 > 100c¢™! [4]. B GonbIIMHCTBE arperoMeTpoB MaKCMMaJbHasA CABUIOBass CKOPOCTh
BBIOMpaeTcs B paifone 4 = 500 ¢~ !. CyIecTByIOT pa3Hble MEXaHU3MBI Je3arperanym
KpoBHU: siueitka KyaTra, cucteMa KOHyC-IUIMTa, CUCTEMA TUIMTA-TUIMTA, C [IOMOIIbI0 MUK-
POIIIOMANKY ¥ HAHOCA WM C MOMONIbI0 MEXAHWUYHOI'O MEPEMEIIMBAHUS KPOBU (CM.
§4.1.6.1 B [4]).

Ha naHHbIii MOMEHT CYIIECTBYET HECKOJIBKO KOMMEPUYECKU TOCTYIHBIX arperoMer-
POB, KOTOpBIE CITOCOOHBI OIICHWBATH MapaMeTphl arperaruy pUTPOIMTOB IO CHUTHa-

JIy CBETOpacCesHUs, CPeIU KOTOPBIX MOXKHO IIEPEYMCIUTH cleayomue: Myrenne!?

(Myrenne, I'epmanus) [122], LORCA (Mechatronics, Hunepnanapi») [123] u RheoScan
(RheoMeditech Inc., FOxnas Kopes) [124—126]. B arperomerpe RheoScan ucrnosnb3y-
I0TCSL: JIA3€eP C IJIMHOM BOJIHBL A = 635 HM, MUKPOQIIOMJHAS CUCTEMa U [TepeMEITMBAaHUE
C TMOMOIIIBI0 MarHUTHOM MeIaJIKu B Ka4eCTBe MeXaHU3Ma Jie3arperaiui KpoBu, 00b-
eM KpoBu 111 uamepenuss — 10 Mk wim 500 MKJI, €CTh KOHTPOJIb TemIepaTypsl. B
arperometpe LORCA ucnonb3yitorcs: nazep ¢ IIUMHOR BoJdHb A = 670 HM, siueiika Ky-
9TTa JJIs Jie3arperaiuy KpoBu, 00beM KPOBH /Jisl U3MepeHust — | Mul, eCTb KOHTPOJIb
TemrepaTypbl. B arperomerpe Myrenne uMCHOJb3YIOTCS: CBETOAMOA C JJIMHOW BOJIHBI
nopsaaka A ~ 700 HM, A4yelika KOHYC-TUIMTA JUIS Je3arperanv KpoBU, 00beM KPOBH
s usMepenus — 30-50 MKJ1, HeT KOHTpoIIA Temneparypsl. B crarbe [248] npuseneHo
CpaBHEHHUE TPEX NMEPEUUCIEHHBIX arpErOMETPOB.

Tak:ke BaKHO YIOMSIHY Th IPO SpUTPOLUTAPHBII arperomeTp u gepopmomerp LADE

14TTo naHHBIM U3 MHTEpHETA B HACTOsIIEE BpeMs arperomeTp Myrenne He BhiryckaeTcs. OHAKO, YUUTHIBAS, YTO 9T MapKa
OblIa OIHOI M3 HanboJiee MACCOBBIX MO 0OBEMY MPOU3BOICTBA, €€ MOKHO MPUOOPECTH HA BTOPHYHOM PHIHKE B OBIBIIIEM B
yHoOTpeOJICHUM COCTOSIHUY.
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(Peomennad, Poccus) [124, 249, 250], KOTOpHIiA, K COXAJICHUIO, HE MPUCYTCTBYET Ha
HACTOSINMIA MOMEHT Ha pbIHKE. Takke Ha pbhIHKE MPUCYTCTBOBaJ arperomerp Sefam
Erythroaggregometer (Regulest, ®panuus) [251].

Tak:ke Hesb3s1 He YIOMSAHYTh PO pa3BuBawooluiics crapran Rheofast Bo @panuuwy,
npeIIaraiiyi TOTOBBII MPOTOTHUIT SPUTPOLUTAPHOTO arperoMeTpa, B KOTOPBI HE0O-
XOIMMO BCETO JIMIIb BCTABUTh MPOOUPKY C KPOBBIO MOCJe €€ B3SITUS U OTCYTCTBYET
HEOOXOAMMOCTh UCTIOJIb30BATh KaKUe-JIMOO0 Ipyrue KioBeTs [252, 253]. MexaHu3M Jie3-
arperaruy pUTPOLIUTOB 3aKJI0YaeTCs BO BpallleHuu npooupku ¢ yactoroit 1 I'm, uto
co3/1aeT B 00paslie KPOBU CABUIoBble ckopocTu nopsaka 1000 ¢~ 1.

Takske ecTb psifi pabOT, B KOTOPBIX SPUTPOILIUTAPHBIE arperoOMeTPhl AEIANCh B €/1U-
HUYHOM 3K3EMIUISIPE WJIU 110 HECKOJIBKO IITYK C UEJbI0 JEMOHCTPAIMA HOBOTO TEXHO-
JIOTUYECKOT0 TOIX0Aa B M3y4YeHun AD uim Jist 1JabopaTopHOTro n3ydenus AD.

B 2003 roay S.Shin u coaBTopbl NpoeMOHCTPUPOBATIH 3(PPEKT BAUSHUS BUOpALIUii
Ha T€YEHHE KPOBU B UCKYCCTBEHHOM Kanwuisipe [254]. B 2004 rony oHM npeacTaBuim
arperomMeTp, B KOTOPOM SpUTPOLIUTAPHBIE arperaThl pa3pyiaanch C TOMOIIbIO BUOPOIU-
Hamuka (yactora: 100 I'n; ammumaryna: 0,5 MM) U 1€ TEKTUPOBAJIOCH KOJJTMMUPOBAHHOE
ceeronponyckanue [255], a B 2005 rogy — arperoMerp Takxke ¢ MCIOJb30BAHUEM
BUOPAIIMOHHOTO MexaHu3ma jaesarperanuu (dactora: 150 I';; ammmuryga: 0,5 mm), B
KOTOPOM JAETEKTHUPOBaIoch oopaTHoe nuddy3Hoe paccesiHue cBeTa KpoBbio [256]. [To-
JIyYeHHbIE pe3y/IbTaThl C JIAHHBIX arpeproMeTpoB HeJlb3sl CPABHUBATh MEX1y COOOH, TakK
Kak IMOJIyYEHHbIE arperaliyoHHbIe MMapaMeTpbl OTJINYAIOTCS MTPU AHAJIU3€ CBETa, pacce-
STHHOTO BIiepe]l U Ha3an [257].

B cratbe [258] mpoaeMOHCTPUPOBAH arperoMeTp ¢ BUOPAIMOHHBIM MOTOPOM U
OJIHOPA30BBIMU KIOBETaMHU, MU3rOTOBJIEHHBIMU U3 nojiauMmeTuicuiokcada (IIJJMC). B
JaHHOM arperomMeTpe B KauecTBe (hOTOIETEKTOpa UCTIONb3yeTCsl Kamepa.

B maructepckoii auccepranun A. Terreros ObUT CKOHCTPYUPOBAH MOPTATUBHBIN SPUT-
POLIMTAPHBI arperoMeTp, KPOBb B KOTOPOM MOMeIalach B KAMWLISPHYIO TPyOKy [259].
Jle3arperaiioOHHbI MEXaHU3M IPeACTaBIIs COOOM JIMHEHHBI MOTOP, KOTOPBII IPOU3-
BOJIMJI MOCTYTATEIbHOE IBUKEHUE, He0OXoauMoe Jisl epopMalinu KpeMHUEBOH MeM-
OpaHbl, MPUKPETUICHHOM K KalWJUISIPHOU TpyOKe (muametp 1 mm).

B cratbe [260] ne3arperaliuoHHbI MEXaHU3M 3aKJIIOYAJICS B NIEpeMEIIMBaHUUA 00-
pasiia KpoBH, MOCjie KOTOPOTO € IMOMOIIBIO J03aTopa 00pa3ell MoMeiaeTcs B u3Mepu-
TEJIbHYIO STYEHKY U U3MEPSETCS KOJUIMMUPOBAHHOE MPOITYCKAHUE CBETA.

Takxe Henb3sl HE YNMOMSHYTh arperomerp, uzooperennsiii P.T. TyxBaTynmuHbM u
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UCIIOJIb30BAHHBIA UM B JOKTOPCKOH auccepTauuu ajis uzydenuss AD monei u 82 Bu-
JOB KUBOTHBIX [261]. B maHHOM arperomeTpe KpOBb [1€3arperupyercs ¢ MOMOIIBIO
nbe3oa1emenTa (yactora: 1-20 kl'; ammmryga: 0,1-1 Mxm) [262]. BaxkHO OTMETUTS,
YTO MEXaHMYECKOe BO3JIEHCTBUE B JAHHOM MPUOOPE NEPIIEHANKYISPHO K TOBEPXHOCTH
npoObl, B OTJIMYMK OT BUOpaIMOHHBIX arperoMeTpoB S.Shin u A . Terreros.

Iles1b JaHHOM YaCcTH IUCCEPTAIMOHHON padOTHI 3aKJII0YaIach B CO3AaHUH MOPTATUB-
HOT'O PUTPOILUTAPHOTO arperoMeTpa, KOTOPbIii CIIOCOOEH OIIEHMBATh arperaluoHHbIe
rapamMeTpbl SPUTPOLUMTOB U UMEET PpsAJ NPEUMYLIECTB MO CPABHEHMIO C AHAJIOTaMH.
MexaHu3m Ae3arperaiuy riaHUPOBaJIOCh BHIIOJHUTh HA OCHOBE BUOPOJIMHAMUKA, UH-
AYLMPYIOIIETo TMomnepedHble BUOpaIlii KIOBETHl ¢ KPOBBIO Ha MajbiX vactorax (<200
I'n). K mpeumyinecTBaM AaHHOTO arperoMerpa Haj OOJIBIIMHCTBOM MEPEeUYrCIeHHBIX
BBIIIIE MOXXHO OTHECTH MaJible TabapuTHbIe pa3Mepsl (He Oosbine 20x15x15 mm ([Ix-
[I1xB)), npocroTta u3Mepenuit (cozganue nosaHoueHHoro 110 nog arperomerp), HOBbIE
napaMeTpsl U3MEPEHHUH, a TaKxke HU3Kask ce0eCTOMMOCTh Kak Mpudopa, Tak v pacxof-
HbIX MaTepuasoB. [Iponenannas padota BbimoiaHeHa B pamkax npoekta YMHUK 1o
norosopy 186181'Y/2023.

5.2 BoaaeiicTBHe BHOpAIUd HA CIBUT'OBbI€ CKOPOCTH B KIOBETE: YHCJIEHHOE

MOJECJINPOBAHUEC

JLJ1s1 ie3arperaiyu SpUuTpOLUTOB C MOMOIIBI0 MEXAaHUUYECKUX BUOpAIIViA KpaliHe Bax-
HO Mo100paTh YaCTOTY Y aMIUTUTYAY KOIeOaHui B TeX Iuara3oHax, B KOTOPBHIX SPUTPO-
IIUTapHbBIE arperaThl pa3/iessiiiuch Obl HA OTEbHBIE SPUTPOIIUTHI, HO eIIE HEe MPOUCXO-
AWIO OBl TEMOJIN3a KPOBH, T.€. pa3pyIleHusl SPUTPOLMTOB. [ eMon3, MHIYIMPOBAHHbIHA
COBUTOBBIM MIOTOK, 3aBUCUT OT BPEMEHU BO3ACICTBUS U CABUTOBOM CKOpocTH. COOTBET-
CTBEHHO, Ye€M MEHbIIIe BpeMsl BO3JIEHCTBUs, TEM IPH OOJBIINX CIIBUTOBBIX CKOPOCTSIX
ITPOUCXOIUT T€MOJIN3.

CrBuroBasi CKOPOCTb OKOJIO CTEHKM COCYAA y 340POBOr0 YEJIOBEKA HE MPEBBIIAET
2000 ¢! ¥ MakcuMasbHa B apTepHAX U Kanuiuispax (cM. pazaen 7,1 B [4]). Ognako npu
CTEHO3€ apTEepPUM MPOCBET COCYAa YMEHbIIAETCS, U CIBUTOBasi CKOPOCTh MOXKET YBEJIU-
uyuthes o 40000 ¢t [263]. Cy1ecTByeT psi MOJeJIel, pacCMaTPUBAIOIIMX BbI3BAHHBIN
BUOpAIMAMY TeMOJN3 SpUTporuToB [264, 265]. TIpu 6omnbimx BpemeHax (rmopsiaka 100
CEeK.) YaCTUYHbII reMoyiu3 HaOmogaeTcs yxe npu Hanpsbkenuu casura 50 Ila, yto B

CBOIO OYepeIb JUlsl MIa3Mbl KDOBU COOTBETCTBYET CIBUIOBOI CKOpocTH & ~ 39000 ¢!

[266].
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NmenHo I[IO3TOMY HCO6XOIII/IMO OBLIO MMPOBECTU YHUCJICHHOC MOACIUPOBAHUC BJIUA-

HUA BH6paHHfI Ha BBI3BBAHHBIC UMW CABUT'OBBIC CKOPOCTH B KIOBETC C KPOBLIO.

5.2.1 IIporpaMMHBbIN KOMILIEKC H HAYaJIbHbIE YCJIOBHSI MO/EJTUPOBAHMS

JLJ151 TMAPOAMHAMUYECKOTO MOAEIMPOBAHUS (T.€. /11 pacyeTa CIIBUTOBbIX HaNpske-
HUIA U CKOPOCTEl B KIOBETE MPU HATWYMK BUOPAIMii) ObUT UCTIOJIb30BaH MPOTrPAMMHBIHI
kommieke COMSOL Multiphysics 6.1!° ¢ ucnons3opanuem moaynsa Laminar Flow, B
OCHOBE KOoToporo Jyiexart ypaBHeHus1 HaBbe-CTokca. MozenmupoBascst y4acToK KIOBETbI
B BUJE lapajulesienunena ¢ JJIMHON U mmMpuHOr paBHbiMU 10 MM 1 BeicoToii — 200
MKM. Bce rpaHnyHble y4acTKu KIOBETHI IPUHUMAJIMCh 34 CTEHKH, KPOME JIByX IPOTH-
BOIIOJIO)KHBIX OOKOBBIX T'paHeli Mo HarpaBJIeHUI0 BUOpaIuii, KOTOpble MPUHUMAIUCH 3a
BXO/ ¥ BBIXOJ] IOTOKA C HYJIEBBIMU CKOPOCTSIMUM Ha HUX B KAY€CTBE I'PAaHUYHBIX YCJIOBUIA.
B nanHOM MozAeIMpOBaHUU ClieJIaHO NPEIOI0KEHUE, YTO KIOBETa BUOPUPYET C TOM ke
YacTOTOM U aMIUTUTYAOH, YTO U BUOpaLMOHHOE YCTpoiicTBO. [ToaTomy BuOpanum Moze-
JIMPOBAJIMCH IBHKEHUEM CTEHOK (2 (%)) 10 OJIHOMY HAIpPAaBJIEHHIO [0 FAPMOHUYECKOMY
3aKOHY ¢ aMIuUTyn0it A u yactoroit f: x(t) = A X sin(2x ft). CooTBeTCTBEHHO, CKO-
pOCTh CTEHOK 1 (t) 3agaBanack: ©(t) = 2w fA X cos(2w ft).

BA3KkoCTh KpOBH 7) 3aBUCUT OT CABUTOBBIX cKopocTel . [Ipn monennpoBannn uc-

nosib3oBajiack Mogesb Carreau, npejacraBjieHHasi ypaBHeHueM 5.1 [267]:

n—1

N(%) = Mt + (Mo — Nint) [1 + ()\ninf)Q] 2, (5.1)

TA€ 7inf — 9TO BA3KOCTh KPOBU NPU CTPEMJIEHUM CABUTOBOM CKOPOCTU K OECKOHEYHO-
CTH, 7)g — 9TO BA3KOCTb KPOBU NPU CTPEMJIEHUU CABUTOBOM CKOPOCTH K HYJIO, @ A\, 1 —

k03(pPpuirieHTs. 3HaYeHU S UCTIONB3YEMBIX MTapaMeTPOB MPUBEEHO B Ta0JL.9.

Ta6muma 9: YricneHHble 3HAYEHUS TAPAMETPOB 7ing, 7o, A, 7 B UCTIOJIB3YEMOW MOJIEIN BS3KOCTH KPOBU
Carreau. [TapameTpsi 79, A, n B3ATH U3 [267], a 1;,¢ OlIEHEHA IO BEpXHEW I'paHuIle HOPMBI [268].

Ninf, MITa*cek. | ng, MIIa*cek. | A, cek. n
5,5 56 3,131 | 0,3568

MOI[CIII/IPOBaHI/IC OCYyIIECTBJIAJIOCH BO BPpEMCHHOM IIPOMEKYTKE B HCCKOJILKO IIEPUO-

Bhttps://www.comsol.com/product-download/6. 1
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J0B KOJI€63,HI/IIU/I, 4 3aTCM paCCYUTAHHBIC CABHUI'OBBIC CKOPOCTHU YCPCOHAINCDH 110 O6'beMy.

5.2.2 BausiHue aMIUIMTY/AbI H YaCTOThl BHOPAI[HIl HA CIBUTOBbIe CKOPOCTH B

KIOB€TE

BbuT mpoBeieH pacueT CpeJHUX CIABUTOBBIX CKOPOCTEl, BO3HUKAIIUX B 00beMe
KIOBeTHI TIpH e€ BuOpanmu ¢ amrumatygamu ot 0,1 mm 10 1 MM 1 gactotamu ot 50 g0
1000 I'u. TTonyyenHsle naHHBIE MpeacTaBieHbl Ha puc.39. Kak ObUIo cka3aHO BHIIIE,
1151 OOJIBIIMHCTBA arperoMeTPOB Jie3arperallMOHHbI MEXaHU3M TO3BOJISET MONydaTh
CIBUrOBBIE CKOpocTH Y > 500 — 600 ¢, 9TO MOCTATOYHO ISl TIOJHOM ae3arperanuu
sputpouutoB. Ha puc.39 BugHo, uto npu yacrotax Boie 100 [' u amrmmrynax 6osibiie
0.4 MM 3TO ycJioBHE BHIMONMHASTCS. Takke HAOMOIaeTCs, 4TO MPU YBEJIMICHUH YaCTOTHI
CIABUTOBAsl CKOPOCTH MPHU OJHOK U TOH k€ aMIUIUTYJIe YBEJIUUMBAETCSI — BEPHO U 00-
paTHoe. Ba)xHO 3aMeTUTh, UTO MpUBEIEHHAs OIIEHKA CIBUTOBBIX CKOpPOCTElN Ha puc.39
SIBJISIETCSI OLICHKOW CBEPXY, U B PEAJIbHOM KCIIEPUMEHTE PsiJi AOMYIIEHUI, ClIeJIaHHbIX
IIpY MOJCTMPOBAHUY, OYJIET CUJIBHO BIUATH HA TOJy4YeHHBIN pe3ysabTaT. K maHHbIM 10-
NyIIEHUSIM B TIEPBYIO OYepe/ib OTHOCHUTCS TOJIHAs Mepejavya CKOPOCTH BUOpAIUU OT
BUOPAIIMOHHOTO MeXaHW3Ma KIOBETe W JIJAMUHAPHBIA TIOTOK KpOBH. J{OMOJHUTEBLHO, B
oO0I1eM cirydae, TPy COXPaHEHUHU OIHOTO SHEPTeTUUECKOTO MOPora, yeM OOJIbIIe YacTo-
Ta KoJieOaHWii, TeM MEHbIIIe UX aMIUTUTY/a; To3ToMy Koedanus ¢ yactoToi 1000 I'iy u
aMIMTyoi 1 MM OyayT onpeaeieHHO TPYIHOAOCTHKUMBI.

[TonmyuyeHHBIE TaHHBIE, €CJIA A0CTPArupoOBaThCS OT T€OMETPUN KIOBETHI, COTJIACYIOT-
cs C IaHHBIMU U3 padot [255, 256], B KOTOpHIX HCmoab30BaMCch yactoThl 100/150
I'n ¢ ammmutygoii konedanuit 0,5 mm. [Ipu maHHBIX MapaMmeTpax B MPUBEICHHOM MO-
JIEIMPOBAHUM CPEJIHHE CABUIOBBIE CKOPOCTH 1O 00beMy ~ > 800 ¢~ !. Takke Oblia
MPOBEICHA aNMpPOKCUMALIMS JaHHBIX CPEIHUX CABUTOBBIX CKOPOCTEH OT aMIUIATY/Ibl U
JacToThl. BBIO0 OOHApYKEHO, UTO MpH (PUKCUPOBAHHOM aMILIUTYIe KOJeOaHUil CIBUTO-
BbI€ CKOPOCTH 3aBUCSAT OT YaCTOThI CHayaja KBaJpaTUYHO, a MOTOM, KOI/la 3HAUYECHHUS

7y OOJIBILIE TTIOPOTOBOTO “Yyopor. — JMHENHO. T.e. 3aBUCMMOCTB NPEJICTABNAETCA B BU-

ne: V()| azconst = \/ 1+bx (f)?—, tme b, ¢c — kKO3 PUIUEHTHI, 3aBUCSIIHE OT A.
I[Tpy PUKCUPOBAHHOI YaCTOTE KOJIEOAHUIA CIBUTOBBIE CKOPOCTH 3aBUCAT OT AMILTUTY/IbI

JMHENHO, T.. J(A)|f=const = d X A, rae d — K03 ULIEHT, 3aBUCSIINIA OT f.
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CpegHue 3HaveHust caBuroBbix ckopocTen B kioBeTe 10x10x0.2 mm (LUxIxB)
ANsi pasHbIX YacToT U aMnnuTya KonebaHun

0.01

0.05 1441 1985
0.1 1784 2891 3977 - 800
s 02 n 3579 5791 7937
=
'S 03 5374 8676 11937
T 600
® 04 7171 11558 15906
S
s 05 8939 14490 19913
=l
- 400
= 06 2035 10763 17322 23885
s
< 07 1232 2390 5074 12513 20207 27846
0.8 1410 2722 5775 14316 23179 31830 200
0.9 1593 3075 6529 16158 26078 35805
1.0 1771 3418 7251 17944 28963 39652
0

50 100 150 250 500 750 1000
YacTtoTta konebanuni, Iy,

Puc. 39: Cpennrie 3HaYeHUsI CABUTOBBIX CKOPOCTEl B 00beMe KIOBETHI NP Pa3HBIX YACTOTAaX M aMIUIU-

Tymax koneOGanuid. KpacHbsIM 1BETOM BblAeNeHb ckopocTd 7 > 5000 ¢!, KOTOpble BEPOATHO, TPYIHO

JOCTUKUMBI B PEIbHOM 3KCIEPUMEHTE M3-3a JOMYIIeHUA, CIeJIaHHbIX TIpU MoaepoBaHuu. CaBuro-
BbIE CKOPOCTH B TaOJIMLIE NPUBEIEHB B MHULAX ¢ .

5.2.3 3aBHCHMMOCTH CABUTOBBIX CKOPOCTEN OT TOJIIMHbI KIOBETbI

BbUI0 M3y4YeHOo BIMSHKE BBICOTHI KAaHAJIA HA CPEJJHUE CABUTOBBIE CKOPOCTHU B KIOBE-
TE W MOJyYeHbl pe3y/bTaThl JJIsl Pa3HbIX 4acToT. B wactHOocTH, 11 yacToThl 150 '
1 amruatyael 0,5 MM NojTlydyeHHasi 3aBUCUMOCTD MpuBeieHa Ha puc.40, Kotopas ¢ Xo-
pOLIEN TOUHOCTBIO AIIIPOKCUMUPYETCS JJOTHOPMAJIbHBIM paclpeesaeHuem. BugHo, 4ro
NIPU JIAaHHOM YacTOTe M aMIUMTYyJe KosieOaHuii kKaHan TommuHoi 200 MKM SBJIsSeTCS
ONTUMAaJIbHBIM. BBIJIO OOHapy:KeHO, UTO ONTUMaJlbHasl BBICOTA KaHaJjla 3aBUCUT OT aM-
TUTUTYJBl U 9aCTOTHI KOJEOAHUIA, B YACTHOCTH, MPHU YBEJIMUEHUU TOCJIEAHEH 3HaUECHUe
ONTUMAJILHON BBICOTH yMeHbIaeTcsA. OIHAKO B pailoHe HU3KUX 4acToT nopsaka 100-

200 'y u ammumatyg kosne6anwii 0,4-0,7 MM, onTUMasTbHAS! BBICOTA KIOBETHI COCTABIISIET,

120



Kak ObLJIO CKa3aHo BbIIIe, mopsaaka 200 MKM.
Takske ObUTO MPOBEJICHO MOJEIMPOBAHNE KAHAJIOB C pa3HOW JIMHOW U MIMPUHOM,
HO CYLIECTBEHHBIX OTJIMYMI B MOJIyYaeMbIX pe3yjibTaTax CIBATOBBIX CKOPOCTEN MEXKIY

HUMU He ObLIO OOHAPYKEHO.

JlorHopmanbHoe
2000 - Mogenb pacnpepaenenmne
- - B A  exp(_n(®) — z)*
(] 1800 y—yo+7(m*w*w) p(-—5 o )
) y0 262 + 53
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Puc. 40: CpenHrie 3HaUeHHs CABUTOBBIX CKOPOCTEH B 00bEMe MPH pa3HbIX BRICOTaX KaHaJa KIOBETHI MPH
(ukcupoBanHoii yacToTe U amruatyae konedbanmii (f = 150Tm; A = 0, 5 mm).

5.3 IlopraTuBHBIN JIa3epPHbIN arperoMeTp KpoBH

B nanHOM pazzene npeAcTaBJIEHO ONMCAHUE TOPTATUBHOTIO JIA3EPHOIO arperomerpa
mogean «ITJTIAK-1»16,

Takke B paMKax IpoAeTaHHbIX padoT ObLT co3aaH arperomerp moneau «ITJTAK-
mini». ¥ 3TOro arperoMeTpa HeT BCTPOEHHOIO MEXAHM3MA Jie3arperaiuu SpuTpoIUTOB.
BMmecTto aToro mesarperaiivsi 0Opasiia KpOBU OCYIIECTBIISIETCS MyTEM €ro rnepeMelu-
BaHUsl J103aTOPOM B MPOOUpPKE B Te€UeHUH | MUHYTBHI, 10 aHAJIOTUM Kak B cTaTthe [260].
Arperometp moaenu «I1JIAK-mini» He 0OCyxaaeTcs B JaHHOK AUCCEPTAIM, OJHAKO

ero noJgpoOHOe ONMMCaHKWe JAOCTYITHO B MHCTPYKIMU K cOOpKE arperomMeTpoB, KOTopasi

16 A66pesuarypa IJIAK o6pasosana ot [TopraTusHbiii JlazepHbiii Arperometp Kpopu
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HaXOJUTCsI Ha yaJIeHHOM X paHMIMIIE Jadopatopun buome qummackoi hotornku MI'Y

nmedu M.B. JlomoHOCOBA.

5.3.1 IIpuHnuMNuaJbLHAA CXeMa YCTAaHOBKH

[IpuHIMUaIbHAS CXeMa YCTAaHOBKY MOPTATUBHOTO 3PUTPOILMTAPHOTO arperomeTpa
mopaeu «ITJIAK 1» npuBenena Ha puc.41.

KroBera 111 u3MepeHuii co3JaeTcsi Ha OCHOBE MPEJAMETHOIO ¥ TOKPOBHOI'O CTEKOI,
a Takke 1 cios aByxcropoHHero ckotya (pupma: 3M, tommunaa: 200 Mkm). B cThIK
MeK Iy MPeAMETHBIM M IIOKPOBHBIM CTEKJIOM C IMTOMOIIIBIO 103aTOpa MOMEIIaeTCsl HeoO-
xoaumoe KojauuecTBo KpoBu (nopsaka 100-200 Mki), n ganee KooBeTa MOMeIaeTcs Ha
TUTOIIAAKY, OJMH Kpail KOTOPO# MPUKpEIUIeH K TPy XUHE, a APyroil — K BUOPOIUHAMMU-

KY.
BubpoanHaMuk Mo3BojiseT co3aBaTh BUOpAIK, UHIYIUPYOIIUE Ae3arperammio

= I QvopHbii nasep
ol = .
= PedepeHcHbIi
CBeTogenuTenbHan doToamnon,
MNpy>kuHa A BubpoanHammk
naacTunHa € 3
[NokpoBHOe CTeKo
[IBYXCTOPOHHMIA CKOTY O6paseL, kposy
MpenmeTHoe cTek0 L Y K v BSe='S

Ivacbparva e |

OcHoBHoM hoToAMOL,

Puc. 41: [TpuHuunuanbHasi cxeMa NOpTaTUBHOTO 3pUTpoMTapHoro arperomerpa moneau «I[1JIAK 1».
JlazepHelii My4oK pasnessercs Ha [1Ba Iy4yKa: OJWH ITy4OK MOMNaJaeT Ha pedepeHcHbld (poToauon, a
BTOPOI IPOXOAMT Yepe3 KIOBETY ¢ 00pa31ioM KPOBH U ITONIaJaeT Ha OCHOBHOM (poToano. Bubpoarnamuk
MO3BOJISIET CO3/1aBaTh BUOpALIMU, MHYLIMPYIOIIUE Je3arperaluio SpUTPOLUTOB.

sputpouutoB. C MOMOIIBIO pa3padOTaHHOW Mporpammbl (CM. MyHKT [IpozpammHoe
obecneuerue 0As azpezomempa) MOXKHO 3aJlaBaTh pa3/IMUHbIE YacTOTH BuUOparnwmii. B
XO7Ie SKCIIEPUMEHTOB OblIa MOJ00paHa YacToTa ISl MCIIOIb3yeMOro BHOPOIWHAMMU-
ka nopsaka 120 ', Kak Hauydinas sl Je3arperaiv S3puTpouuToB. s Kaxaoro

BUOPOJIMHAMUKA CYIIIECTBYET CBOSI AMIUIUTYIHO-YACTOTHAsI XapaKTePUCTUKA, UMEHHO
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MIO3TOMY IIPH UCIIOJIb30BAHUU APYTrOro BUOpOIMHAMUKA HEOOXOAUMO IIPOBECTH PSJI Te-
CTOBBIX M3MEPEHWI NPU Pa3HBIX YacTOTax KojeOaHWid, YTOObI HAWIy4IIUM 0Opa3om
nogoOpaTh 3HAUEHWSI YaCTOTHl M aMIIMTYbl KOJeOaHWil ISl Je3arperaiuu 3puTpo-
MTOB. JlOMOMHUTETBLHO, MPYKUHBI TOJOOpaHbl TAKUM CIIOCOOOM, UTOOBI «IIPY KUHHBII
MAasITHUK» (TPYKUHBIHIOMJIOKKA /151 KIOBETHI+KIOBETA) UMEJ PE30HAHCHYIO YacTOTYy
nopsaka 120-150 I'u. ITomoxeHne BUOpoaAMHAMUKA JOKHO OBITh BBICTABJIEHO TaKUM
Croco60M, YTOOBI TIPYKMUHA HE CKUMAJIACh CJMIIKOM CHJIBHO, UTO MOXKET MPErsATCTBO-
BaTh Nepegave BUOpaIuil oT BUOpOJUHAMUKA.

[Tocne ge3arperaliud SpUTPOLMTOB OJJHOBPEMEHHO PETUCTPUPYIOTCS MOKA3aHUS C
pedepeHCHOro U OCHOBHOTO (POTOAMO/IOB B TeueHWe 3ajJaHHOro BpemMenu. Ha pede-
peHCHOM (DOTOMO/IE PETUCTPUPYETCS MOIITHOCTD My4yKa, OTPaXeHHOTO OT CBETOJIEIIN-
TesabHOM MiacTubl (T = 96%, R = 4%). Ha ocHOBHOM (poTOAMONE pErMCTPUPYETCS
MOIIIHOCTh IMy4YKa KOJUIMMHPOBAHHOTO MPOMYCKaHWs uepe3 oOpasel] KpoBu. [laHHas
MOITHOCTb 3aBUCUT OT CPEAHET0 pa3Mepa pacCEeBAIOIIUX arperaToB B KIOBETE, U UMEHHO
MO3TOMY perUCTpUpyeMOe ITOKa3aHue Ha OCHOBHOM (hOTOIMO/Ie OyIET COOTBETCTBOBAThH
XapaKTepHOMY pa3Mepy paccemBaTesieii — 4yem OoJblie OyeT 3HaueHHe KOJJTMMHUPO-
BaHHOTO MPOITyCKaHMs, TeM OOJIbIlle XapaKTePHBIN pa3Mep arperaTos.

HecmoTpsi Ha TO, YTO AWOIHBINA Jia3ep MUTAETCS OT UCTOUYHUKA MOCTOSIHHOTO TO-
Ka, ero MOIIHOCTh HE3HAUYUTEJIbHO U3MEHSIETCS BO BpeMeHU. [[J1si KOppeKIuu curHasa
KOJUTMMUPOBAHHOTO MPOMYCKaHU UCTIOIb3YIOTCS MTOKa3aHus ¢ pepepeHCHOro hoToau-
ona. K coxasienuio, u3-3a BHICOKOYTJIOBOI'O Mapa3sUTHOIO CUTHAA, PA3HbIX MOITHOCTEH
MyYKOB, MPOIIEIIEro U OTPakEHHOTO OT CBETO/EIMTEIbHON IJIACTUHBI, & TaKXke psiaa
APYTUX IPUYMH, JJ151 KOPPEKLIMK CUTHAJIa HeIOCTATOYHO MOAEIUTh CUTHAJI C OCHOBHOTO
(dorognona o, Ha curHan pedepeHcHOro Ipeq. BMecTo 310r0 nocne usmepeHus pe-
(bepeHcHBIN curHaa HOpMHUPYeTCs Ha MaKCUMaJlbHOE 3HaueHue pedepeHCHOro curHaa

IIPU BCEM BPEMEHU U3MEPEHUS:

1
[HopM _ ped 59
b MAX (Ipegy)’ (5-2)

HOpM
rae Leg, X 100% mokasbiBaeT u3MeHeHue pehepeHCHOrO CUI'HAA B TPOIIEHTAX BO Bpe-

MEHHU.
Hanee ocHOBHO# curHai /., KOPPEKTUPYETCS C MMOMOIIBI0O HOPMUPOBAHHOTO pede-

peHcHoro curHana I (", a Takke BeCOB 1 U 1
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] CH
prow — (M oen 5.3)
n + m[peq)

IJIe BEca . U M COOTBETCTBYIOT BECY OCHOBHOI'O M pe(epPEeHCHOr0 CUrHajia COOTBET-
cTBeHHO. JlaHHbBIE BeChl TOJOMPAIOTCS IMIIMPUIECKHU C TIOMOIIIBIO 3aTEMHEHHOM T1JIaCTH-
HBl WJIM CTaOMJIBHON BO BPEMEHU pacCeuBaloIIeil CTPYKTyphl Ha MecTe KioBeThl. [Ipo-
rpamma Jijis B3auMO/IEMCTBHS C arperoMeTpOM MO3BOJISIET ABTOMATAYECKH ITPOU3BOIUTH
KOPPEKIIMIO CUTHAJIA 10 33/IaHHbIM BecaM (CM. NIyHKT IIpozpammuoe obecneuerue 0as
azpezomempa).

Crout oOpaTuTh BHUMAHUE, YTO CUTHAJ C JIa3€PHOrO AMOJA BCE K€ M3MEHSETCS
c1a0o, ¥ pUBeIeHHAas BbIllIe METOAMKA KOPPEKIMKM CUTHATa C OCHOBHOTO (hOTOAMOAA

ITIO3BOJIACT AOITIOJIHUTCJIBHO B HeOOJIBIIION CTENEHH ITOBBICUTH TOYHOCTD N3MCPCHHA.

5.3.2 DiaekTpmyeckasi cxema arperomerpa

DNEeKTpUYeCcKass CXeMa YCTAaHOBKHM MOPTATMBHOIO SPUTPOLIMTAPHOTO arperomerpa
mogaesm «[IJIAK 1» npuBenena Ha puc.42. Bce 371€KTpOHHBIE KOMITOHEHTHI MOACOEIUHE-
HbI K BXO/1aM/BbIX0/1aM MUKPOKOHTpoJiepa ApaynHo Uno R3, KoTopblii B CBOIO 0uepe/ib
TMOJ/ICOEIMHEH K BHEITHEMY UCTOYHUKY NMUTaHUsA 12 B ¥ K mepcoHalbHOMY KOMITBIOTEPY
yepe3 USB.

KOMIIOHEHTHI 3JIEKTPUYECKON CXEMBI arperoMeTpa MOXHO pa3liesvTh Ha 4 Mony-
JIS1: MOJYJTb JIA3€PHOTO JAMO/1a, MOAYJIb BUOPOJUHAMUKA, MOAYJIb (POTOAMOAOB U MOAYJIb
Temneparypbl. Moayib BUOpOIMHAMUKA U (DOTOIMOIOB CJIeIyeT Pa3MeCTUTh Ha OJTHOM
miare, Tak Kak OHM UMEIOT oOiee nutanue 5 B.

JlazepHbIil [MOA MUTAETCA OT UCTOYHUKA MOCTOAHHOTO TOKa Ha ocHOBe NPN TpaH-
3UCTOpPA, CTAOUIUTPOHA U Pe3UCTOPOB. MI3MeHsIsl CONPOTUBIIEHUE MOJICTPOSUHOTO pe-
3UCTOPAa MOXHO U3MEHSATh BBIXOJIHYIO MOIIIHOCTD JIA3€PHOTO Iy4yka. MoayJib JIa3€pHOTO
avoaa nuraetcs ot 12B, mosatomy BHelHee nmutanue 12B HE0OXOAMMO MOIKIIOYUTH K
Apnyuno Uno a1 mtaTHo# paboTsl arperoMmeTpa. Takoke ObLIO MMOKAa3aHO, YTO UCIIOJb-
3oBaHne MUKpocxeMbl LM317T B kauecTBe gpaiiBepa NOCTOSIHHOTO TOKA HE IIPUHOCUT
yBeJIMYeHHEe CTAOUILHOCTH JIA3EPHOTO U3JTyUYEeHHUs [IJIs1 UCTIONb3YyEMOT0 HEJJOPOroro Jia-
3epHOro auoja. JlazepHseiid quon nuraercd Tokom nopsaka 30 MA.

Jlist Moyt BUOpOIMHAMMKA BHAYaJle IUIAHUPOBAJIOCH MCIIONB30BaTh YCHIIMTEb
HU3KKX YacToT Ha Mukpocxeme TDA2030A. OqHako OMBITHBIM IyTeM ObLJIO MOKa3a-

HO, 4TO IIPCAJIOKCHHAA Ha pI/IC42 CXEMa C HUCIIOJIb30BAHUCM TPAH3HUCTOpPA IMO3BOJIACT
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Puc. 42: DnexkTpuyeckas cxema NopTaTUBHOIO SpuTpouuTapHoro arperomerpa mogenu «I1IJIAK 1».

JOCTUYb 3HAYEHUE CPEAHETO TOKA Yepe3 NTUHAMUK nopsiaka 130 MA, Toraa Kak ¢ noMmo-
b0 MUKpocxembl TDA2030A — okoito 40 MA. BO3MOXKHO yiTydlIeHHe JaHHOW CXEMBbl
myTem J00aBJieHUsI KOHJIEHCATOPOB.

Kaxnpiii (poToguon padoTtaeT B (POTOAMOAHOM peKMMe U BCTPOSH B CXEMY JIeJIU-
TeJIs HanpshkeHusl. BaxkKHO OTMETUTh, 9TO XOTh OOpPAaTHBINA TOK MPOMOPIIMOHAJICH Taa-
I0IIEMYy Ha HEro CBETOBOMY IOTOKY, OH CJ1a00 3aBUCHT OT HaNpsKEHUsI, MPUIOKEHHO-
ro Kk ¢oronuony. K mpumepy, ecim GpOTOTOK yBEIUUMBAETCS, TO HANPSLKEHUE 4Yepe3
PE3UCTOp TaKkKe MOJKHO YBEIMUMBATHCS, M HeM30EeKHO HampsihkeHue Ha poToamose
JIOKHO YMEHBINAThCSA. DTO CO3/aeT HeOOBIIYI0 HETMHEHHOCTh MEeXy (POTOTOKOM M
PETUCTPUPYEMBIM HaNpsI’KEHUEM, OJTHAKO JaHHAS HEJIMHEWHOCTh He BHOCUT OOJIBIIIOTO
BKJIaJIa B ITOJTyYaeMble JaHHBIC 1 €10 MOKHO MpeHeOpeyb B IepBoM npuoOmkennu. Hamm-
Yyre KOHJIEHCATOPOB Ha Mofysie (hOTOAMOIOB 00SI3aTEIbHO, TaK KaK MPU UX OTCYTCTBUHU
PErUCTPUPYEMbI CUTHAJT OCHOBHOTO/pepepeHCHOro (hOTOANO/Ia OKA3bIBAETCS CMEIIIaH-
HBIM C CUTHAJIOM pedepeHcHOro/ocHoBHOTro (hoToanoia. Bo3MokHO yaydilieHue TaHHON
CXEMBbI C UCIIOJIb30BAHUEM OMEPALIMOHHOTO YCUJIUTEsI BMECTO CXeMbI IeJIUTE sl Hanpsi-
JKEHH .

JlaHHBII arperomMeTp fABJISETCS JJaOOPAaTOPHBIM OOpa3lioM, U TMOITOMY Ja3epHBI

auof, BUOpoaAMHAMUK W (DOTOIUOIBI BO3MOKHO OTCOSIUHUTD U/UTH OBICTPO 3aMEHUTD.
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5.3.3 KoHcTpyknusi arperomerpa

[Tockonbky Moaesns arperomerpa «I[1IJIAK 1» nompasymeBaeT ObICTPYIO 3aMEHY KOMITO-
HEHTOB, 3aMEHY JleTaJieli U pa30op KopIlyca, a TakKe HACTPOWKY IMOJOKEHUs] BUOPO-
AVHAMMKA, TO JaHHAs MOJEJIb arperoMeTpa siBsieTcsl ycTaHOBKOM. CXxeMaTUUHbIA BUJ
arperometpa «IIJIAK 1» npuBeaen Ha puc.43, a pororpadus arperomerpa Ha puc.44.

Bce kommnoHeHTH arperomerpa Obuth Hamedatansl Ha 3D mpuntepe Flying Bear
Ghost 6. BHelHUI KOPIyC M 4aCcTh BHYTPEHHETO MOKphITa YyepHOU Kpackoil BLACK
3.0'7 mna MuHUMM3BaIAN MAPA3UTHOTO CUTHAJIA.

MakcumanbHble pa3Mmephl arperomerpa 6e3 BuoOpoanHamuka: 120x50x96 mm (JIx-
[IIxB), a ¢ BubpoaguHamMukoM M BHemmHUM KoprrycoM — 190x140x140 mm (IXIIxB).

Bec arperomeTpa ¢ BHEIIIHUM KOPITyCOM He MpeBbIIIaeT 1 Kr.

Puc. 43: Cxematuunslii Buz sputpouurapHoro arperomerpa mogaesu «I1IJIAK 1». (1) — ocHOBHOI ¢o-
Toauof, (2) — pedepeHcHsblil doTtonuon, (3) — BUOpoOMHAMUK, (4) — Ja3ep, pacHoNokeHHbIH 1oa (5)
CBETOJICJIUTEJILHOM TUIATUHOM, (6) — MOAJIOKKA MO KIOBETY, KOTOpasi KPEemUTCcsi ¢ OAHON CTOPOHHI K (7)
2-yM TMpy’XUHAaM, a C Jpyroil — K BubpoauHamuky. Pazmepnr 6e3 BuOpogunamuka: 120x50x96 mm ([Ix-
[IxB)

7cM. https://culturehustle.com/collections/paint
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Puc. 44: Arperomerp monemu «I1JIAK 1»: (a) ¢ BHemHuUM KopmycoM, Ha KOTopoM Haxoautcs (1) or-
KpBIBaoOIIasics ABepKa  (2) KpblmKa; (0) ¢ OTKPBITON ABEPKOH, Yepe3 KOTOPYIO BUIHBI (3) — OCHOBHOI
dotoamon, (4) — pedepencHsiii poroauon, (5) — nazep, pacmoNOKEHHBIN MO CBETOAEIUTEILHON TIIa-
TUHOH, (6) — MOJIOKKA MO KioBeTy, U (6) — BUOpoAMHAMUK; (B) 3aJHsAS CTOpPOHA arperomerpa 0e3
BHEIIHEro KopIyca, Ha KOTOpoil BueH (8) MukpokoHTposuiep ApayuHo Uno R3, (9) miara ¢ mogynem
1J1s1 BUOpOoIMHAMKKa U MoayseM aiist ¢poronuonos u (10) ruiata ¢ MomysieM AJis lazepa.

5.3.4 IIporpammHoOe oOecrieueHue /1Jsl arperomMeTpa

JJ1s1 MMKpOKOHTpOJUIepa arperomerpa Hanucasa rnporpamma Ha Arduino C (C++ ¢
(ppeiimBopkoM Wiring). MUKpPOKOHTPOJIJIEP B3aUMOJEUCTBYET C MEPCOHAIBHBIM KOM-
IBIOTEPOM Yepe3 MocaeaoBaTeNbHblid NopT. C MOMOLIBI0 IEPCOHAILHOIO KOMITBIOTEPA
B MUKPOKOHTPOJIIEP OTHPABJIAIOTCS ONPEACICHHbIE KOMaH/bl, K MPUMEPY, IS U3Me-
peHusl TeMIepaTypsl, IPOBEACHUH TECTOBOIO WJIA OCHOBHOIO M3MEpeHHs U T.1. s
NIEPCOHAIBHOIO KOMITbIOTEpA HallMCcaHa IporpaMMMa ¢ rpapuyeckuM MHTepgeincoM Ha
sa3blke nporpamMmupoBanus Python. «CkomMnuivpoBaHHasi» mporpamma JJjisi B3aUMO-
ACHCTBUA C arperoMeTpoM JIOCTylHa B OTKpbITOM perno3utopun GitHub [269] u Ha
He€ IMOJIyYeHO CBUJIETEJBCTBO O perucTpauuu rnporpammsl 1 9BM Ne2024667094.
WcxonHplii KO MTPOrpamMMbl, KaK ¥ MHCTPYKIIMU MO YCTAHOBKE Y UCIOJIb30BAHUIO HAXO-
asATcs B 3akpbiToM penozutopun GitHub.

[Iporpamma COCTOUT U3 OCHOBHOT'O OKHA, a TAKKE 3 JTOMOJIHUTESIBHBIX: OKHA HACTPO-
eK JJIsl UBMEpEeHHUI, OKHA JIOTa ¥ OKHA MOCTOOpabOTKHU AaHHBIX. [IporpaMmMa nmo3BossieT
U3MEHSTH P/l HACTPOEK U3MEPEHusl, aBTOMAaTUUeCK1 00pabaThiBaTh U 0ObEJUHSATH I10-

JIYYCHHBIC PC3YJIbTATHI.

5.3.5 IIpoTokoJ nu3MepeHus NapaMeTpoB arperaniuy SpUTPONUTOB

CnonraHHasi arperanysi SpUTPOLMTOB

Jlist u3MepeHusi CIIOHTAaHHOHN arperaiyy pUTPOLUMTOB HEOOXOAUMO 3aMyCTUTh
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nporpaMmmy, NogKJIIOunTh arperometp Kk USB noprty kommnbiotepa. [lanee HeoOXoaumo
CO3/1aTh KIOBETY Ha OCHOBE IPEIMETHOTO M TOKPOBHOTI'O CTEKJIA, & TAKKE 1By XCTOPOHHE-
ro ckot4a (cM. puc.41). B nmporpamme 00s3aTeIbHO HAJIO 3aITOJHUTH Iy Th K COXPaHEHUIO
caiinos, a Takke Ha3BaHUE OOpa3ila/malueHTa.

Hanee oOpa3ell KpOBU MOMEIIAETCS B KIOBETY JJIsl U3MEPEHUil, U JaHHasl KIOBeTa
nomeiaercsi B arperomeTp. Mi3amepenue 3amyckaercsi Ipy HakaTUM KHONKU «BwInoj-
HUATb KOMaHy» IIPU HACTpOMKe «M3Mepenue arperaium». [lesarperanus 3puTpoIUTOB
npoucxogut B TeyeHue 80 cek. MI3mepenue nporucXoauT MNPy KOMHATHOW TEMITEpAType.

[Tocyie okOHYaHUST U3MEPEHUSI C BBICTABJICHHBIMU HACTPOMKaMU ChIpble U 00pado-
TaHHbIE JaHHbIE MMOCTYNAIOT B YKa3aHHYIO Manky AJisi coxpaHeHus. [Ipu BbI3oBe OKHa
NoCTOOPaOOTKM MOKHO 3aHOBO 00pabOTaTh JaHHBIE, IPOU3BECTH TIEPEHOPMUPOBKY, a
Takxe 00bEJUHUTH HECKOJIbKO U3MEPEHUH B OJJHY TaOJIHILY.

Ha puc.45 npuBeieHa TUIIMYHAS arperaTorpaMmma, nojyJyaemasi B 9KClepuMeHTe, a
TaKK€ OCHOBHbIE ITApaMETphl, KOTOPbIE aHHAsl MPOrpaMMa IMO3BOJISIET MOTy4yaTh: Na-
paMeTphl anmpoOKCUMALIMK; MHAEKCHI arperaiuu JiJis BpeMmed 2.5, 5, 10, 25, 50, 75, 100

CEK., ¥ MAKCMMAaJIbHOI'O BpEMEHH M3MEPEHUS; XapaKTEPHOE BpeMs arperauuu 17 /.

570 A

550 ~

It =1_ -A"exp(-t/t) - A exp(-t/t))

NMHeNHble arperartbl 3D arperatbl

540 A

530 A

_ A
~A+B

—— JKCMepuMeHTaJslbHble AaHHble
A —— Annpokcumaumns

Al

MHTEeHCUBHOCTb
paccesHna Bnepen, oTH.en.

520 A

0 200, 40 60 80 100 120
Bpems, cek.

Puc. 45: Tunuunas arperarorpamma npy U3MEPEHUU arperalyy S3puTPOLMTOB, OTydaeMas ¢ IOMOLIbIO
arperometpa «I1JIAK 1».

128



I'mcrepesuc arperanuy SpuTpoOLUTOB

B 2010 rony PupcoB H.H. u coaBTOphl C MOMOIIBIO Ja3€pPHOrO arperomerpa
LADE BBeJ HOBYIO XapakTEpPUCTHUKY, KOTOpas XapakTepusyeT npouecc AD: rucrepe-
3uc AD [270]. lanHas xapakTepucTrKa ObUIa BBeJeHA MO aHAJIOTUM C UCCJIEOBaHUEM
TUKCOTPOIIMMA HEHBIOTOHOBCKMX JKUJKOCTEH C IMOMOIIBI0 BUCKO3UMETPOB. ['ucrepesuc
arperanyy MOXXHO HaOJOAaTh, €CJIU TOCIeOBATeIbHO YBEJIMUMBATh CKOPOCTH CIIBUTA
OT HyJIsI I0 ONpEeJeJICHHOTO 3HAUeHUs, a 3aTeM e€ yMeHbIaTh 0OpaTHO A0 Hyqs. [IBe
MOJTyYeHHbIe KPUBbIE (CBETOpACCEsHUS UM BA3KOCTH) OyAyT OTJIMYAThCS, U 110 CyMMe
Pa3HOCTEN 3HAYEHUI, XapaKTepru3yoInX AD, HA KPUBOM YBEJIMYEHUS U YMEHBIIICHUSA
CIABUTOBOM CKOPOCTH, MOKHO OlIeHUTh ructepesnc AD. B ctathe [270] ObLI0 TOKa3aHoO,
41O TUcTepe3rc AD B OOJIbILEH CTENEHN OTpaXaeT arperalluoHHYI0 CIIOCOOHOCTb, YeM
arperanuio 3puTpOLUTOB. B 3TOM cTaThe UCCIIeI0BAIUCH MALIUEHTHI C ICOPUATUYECKUM
apTPUTOM M CUCTEMHOM KPAacCHOW BOJYAHKOH. BBUIO MOKa3aHO, 4TO B psAle CiaydaeB
NETJIs1 TUCTEPE3UCca PErUCTpUpYyeTCs B (POpME «BOCBMEPKU», T.€. KpUBas ie3arperaiuuu
niepeceKkaeT KpuBYylo arperaiuu. Kak ropopst aBTopsl, 00pa3oBaHie «BOCbMEPKU» CBSI-
3aHO C HAJIMYMEM aHOMAJIbHO MIPOYHBIX KPYIHBIX, TMOO MEJIKHMX arperatoB. [ ucrepesuc
A3y 310pOBBIX UCTIBITYEMBIX U3y4ascs B cTartbe [271].

I'uctepesuc AD (I'A) npeacTaBiasieT OYEHb UHTEPECHYIO U MEPCIIEKTUBHYIO XapaK-
TEPUCTUKY, AHAIA3 KOTOPOW MOXKET IaTh JOMOJHUTEIBHYIO MH(OPMALMIO HE TOJBKO
00 0011IeM arperalfiOHHOM COCTOSIHUM KPOBU, HO U OOHAPYXUTh aHOMAJIbHO MTPOYHbIE
pUTpOLUTApHbIE arperaTsl. HaCKONIBbKO N3BECTHO aBTOPY auccepTauuu, I'’A ¢ moMoupio
JIA3€pHOM arperoMeTpun U3yvascs Tojbko B rpynne Pupcosa H.H. u ero komneramu.

B arperomerpe «IIJIAK 1» npeaycMmorpeHo usmepenue I'A, MOCKoabKy ecTh BO3-
MOXHOCTh U3MEHSTh YaCTOTHI KOJieOAHUH, a 3HAYUT CIIBUTOBbIe HAIPSIKEHUS] BHYTPH
KioBeThl. OJIHAKO, K COXaJICHUIO, HAIPSIMYIK CKa3aTb, KAKWE CIIBUTOBBIE HAIPSKEHUS
00pa3yioTcs B KioBeTe Helb3s. [loatomy ['A usmepsietcs ciieayonmm crocoooM: BHa-
yajie KpOBb HAXOIUTCS B MOKOE, Jajiee MPUKJIAIbIBACTCA YacTOTa, MPU KOTOPOW He
IIPOUCXOJUT TOJIHOM Jie3arperaiuyy pUTPOLMTOB, U JaJiee MPUKIAABIBACTCA YacTOTa,
IIPY KOTOPO# MPOUCXOJUT MOJIHAA Ae3arperauns SpUTPOLUTOB; IOTOM U3MEPEHUS IIPO-
nomkalTcsi B ooOpatHoM nopsiake. KommuectBeHHo A xapakTepusyeTcsi pa3HOCTBIO
3HAYEHW cBeTopaccesiHUsA Ha cpelHel yactore. OO0cynumM mMeToauky usmepenus ['A,
KOTOPOE MTPOUCXOIUT ITPU KOMHATHOW TEMITEpAType.

Jlist uzmepennst I'A HEoOXOAMMO 3amyCTUTh MPOrpaMMy UM 3allOJHUTH MYTh K CO-

XPaHCHUIO (baIU/UIOB, d TaKK€ Ha3BaHUC o6pa3ua/ IManueHTa. I[anee HGO6XOIII/IMO cO3JaTb
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KIOBETY Ha OCHOBE IPEIMETHOIO ¥ TOKPOBHOI'O CTEKJIA, & TAKKE JABYXCTOPOHHETO CKOT-
ya (cMm. puc.41).

Janee oOpaser] KpoBU MOMENTAeTCs B KIOBETY /I U3MEPEHHIA, U JaHHAsI KIOBETa I10-
MelaeTcs B arperomerp. Mismepenue 3anyckaercs Mpy HaKaTUA KHOIIKU «BBIITOJIHUATH
KOMaH[y» TIpH HacTpoiike «[ mcTepe3uc arperarum».

['A 3puUTpOLIMTOB UBMEPSETCH MPHU CIEAYIOIIMX YacToTax o nopsaaky: 0, 110, 120,
110, 0 I'y (cm. puc.46). Peructpanms I'A npoxogut B Teyenue S00 cek. ¢ yactoroi 10

U3MEPEHUN B CEK.
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Puc. 46: ['uctepesuc arperaiiuul 3puTPOLIUTOB MPU €r0 PerucTpamnuu ¢ momoripio arperomerpa «I[1IJIAK
1». I3MepeHus mpoxoaAT 1o mopsaaky ot 1 10 5. CM. ceipeie 1aHHble 1151 00padoTku ['A Ha puc.49.

KomuectBenHo 3Hauenue ['A mpeacTaBisieT co0oil pa3HOCTh B CBETOPACCESIHUU B
cpeaneit yactore (110 I'). JJlaHHYI0 pa3HOCTh MOXKHO TAKKE HOPMUPOBATh Ha CPEJAHEE
3HaYeHUEe CUTHaJIA Tpu oTcyTcTBUM BuOparwmii (0 I'm).

[Tocne okoHuaHMS U3MEPEHUS ChIpble 1 00paOOTaHHbIE JaHHbIE MIEPeAaloTCs B yKa-
3aHHYIO MAanKy ajs coxpaHeHus. [Ipy Bbi3oBe OKHa MOCTOOPAOOTKM MOXHO 3aHOBO

00paGoTaTh JaHHbIE, a TAKKE OObEIMHUTDh HECKOJIbKO U3MEPEHUI B OJJHY TaOJIUILY.
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5.4 Iloxy4deHHble pe3yJabTaThl HA arperoMeTpe
5.4.1 3aBuCHMMOCTH H3MepPsieMbIX IAPAMETPOB OT reMaTOKPUTA

Bbi1 poBeieH psij] SKCIIEPUMEHTOB Ha KPOBH 3JI0POBBIX TOOPOBOJIBIIEB C IIEJIBIO M0-
Jy4eHHs1 3aBUCUMOCTEN KPUBBIX CBETOPACCESIHUS OT BPEMEHH TOCJIe Je3arperupoBaH-
HOT'O COCTOSIHUSI KPOBU IPU Pa3HbIX 3HaYeHUs1X rematokputa (ot 20 no 80%). O6pas-
LBl C Pa3HBIM F€MATOKPUTOM IOJIy4aad yTEM CMEIIMBAaHUs ayTOJIOTMYECKON IIa3MBbl
KPOBH U C SpUTPOLUTAPHOI Maccoil. [eMaTOKpUT U3MepsIcs ¢ TOMOUIbI0 FTeMAaTOKPUT-
Holl neHtpudyru APME]JL SH120-1S. IlonydeHHble qaHHbIe NpUBEAEHBI Ha puc.47a,
13 KOTOPOrO BUJIHO, UYTO C YBEJIMYEHHEM F€MaTOKpUTA CUTHAJI CBETOpAaccessHus (Ipa-
BUJIbHEE CKa3aTh KOJMMUPOBAHHOTO MPONYCKAaHMs) MaIaeT, TAK KaK CBET PaCCEUBAETCs

BCE OOJIBLIIMM KOJIMYECTBOM IPUTPOIUTOB U arperaTtos. OILHE[KO €CJIM HOPMHPOBATDH

Curnan—MUWH
MAKC—-MHH

30He remaTtokpuTa 40-80% KpuBble CBETOpPACCESHMSA, a CJAEAOBATEIBHO, U NTAPAMETPBI

KpuBble cBeTopaccesHusa (HopM. curnan = ), TO MOJIyYUTCS, YTO B JUaIia-
noJjilydaeMble M3 HUX, UIAeHTUYHBI (cM. puc.470). CrnegoBaTenbHO, JaHHAS Tpolieaypa
HOPMHUPOBKM TO3BOJISIET U30aBUTCSI OT BJIMSHUS reMaTokpuTa B auanazoHe 40-80%
Ha U3MEPSEMbIE arperallioOHHbIe NapaMeTpsbl. [lonydeHHble pe3yabTaThl COOTBETCTBYIOT
pe3ysbTaTaM, MoJyYeHHbIM B [126].

Tak:ke ObUTa MPOU3BEIeHA OLIEHKA TOTr0, KaK 3aBUCUT MaKCUMaJslbHasl BEJIMUMHA CBe-
TOpAcCCEesIHUSI OT TeMAaTOKPUTA, ¥ ObUIO MOTYYEHO, YTO IAHHYI0 3aBUCUMOCTD C XOPOIIeH
TOYHOCTBIO MOKHO aIIpPOKCUMHPOBAThH 3aTyXalolleil skcrnoHenToit's. IIpu sTom A
OAHHBIX C pUC.47 3KCNOHEHIMAIbHBIA KO3(P(UUMEHT 3aTyXaHUsI COOTBETCTBYET 25%
remMatokputa. ECTh OCHOBaHMS TONarath, YTO MPHU UCIOIb30BAaHUM KAJIMOPOBOYHOTO
00BEKTa MOKHO ONPeIesIsATh FeMAaTOKPUT TOJIBKO 110 CUTHATYy cBeTopaccesiHus. OHaKo

JaHHOE€ HUCCJICJOBAaHUEC JOJIKHO OBITH ITPOBCACHO C OOJILIITM KOJIMUYECTBOM O6p&3LIOB.

5.4.2 3aBucCHMMOCTH N3MePsieMbIX IAPAMETPOB OT TOJIIHUHBI KIOBETHI

C nomornpio arperomerpa «I1JIAK 1» OblI0 Hccie10BaHO, KaK 3aBUCUT CUTHAJI CBe-
TOpACCESIHUS OT TOJIIIMHBI KIOBETHL. B X0/1e 9KCriepuMeHTOB ObLI0 YCTAaHOBJIEHO, YTO MPU
tomuHe KioBeThl 300 u 400 MKM Jie3arperaliioHHbIX CHJI CO CTOPOHBI BUOPAIIMIOHHOTO
MOTOPYMKA OKa3bIBa€TCSl HEJAOCTATOYHO JIJII TOTO, YTOOBI MOJHOCTHIO Je3arperupo-

BaTh KpOBb. [IonyuyeHHBI pe3ynbTaT COOTBETCTBYET PE3YJIbTaTaM MOJAEIMPOBAHUA (CM.

8He myrats ¢ 3akonom Byrepa-JlamGepra-Bepa, Tak Kak B JaHHOM KCIIEPUMEHTE OH He BBHINOIHAETCSA U3-3a HAIMYMS
MHOTOKPAaTHOTO PacCesiHusI.
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Puc. 47: 3aBucumocTu: (a) KpUBO#A cBeTOpaccessHUs U (0) HOPMUPOBAHHON KPUBOI CBETOPACCESIHUS OT
BpPEMEHH IPU Pa3HbIX 3HAUCHUSIX TEeMATOKPHUTA B 00pasiie KPOBU OJHOTO 3JI0POBOTO JIOHOpa. B maHHOM
9KCIEPUMEHTE UCTOIb30Balach KioBeTa ToMIuHOi 200 MKM.

puc.40). [ToaTtoMy 11 TOro, YTOOBI MOJIYYUTh arperaTorpamMmsbl Jijisi pa3HbIX TOJIIUH
KIOBET, ObLIT MCIIOJIb30BaH APYToil MEXaHU3M Jie3arperaiy SpUTPOIUTOB, KOTOPbIH pe-
amm3oBaH B ipuoope «[1JIAK mini». T.e. oOpaser; KpoBu nepeMenBaeTcs 103aTOPOM
B MpOOMpKe B TeueHre | MUHYTH U HE3aMeJIMTENIbHO MoMelaeTcs B KioBeTy [260].
AHamM3upyeTcsl CUTHaJI CBETOPACCesTHUSA Cpa3y IMocJie MoMelleHus1 00pasiia B KIOBETY.

BbI10 MOTy4eHOo, 4TO KPUBBIE CBETOPACCESTHUS UICHTUYHBI APYr Ipyry mno gopme
M CMENIEHbl OTHOCUTEJILHO APYr Apyra no ocu y (cm. puc.48). Ilpu HOpmanuszannu
MOJIyYEeHHBIX JAHHBIX KPUBbIE U MapaMeTpPbl, KOTOPbIE XapaKTEPU3YIOT UX, PaBHbI APYT
APYTY MpHY Ppa3HbIX TOJIIMHAX KaHaIa. 3aBUCUMOCTh MAaKCUMAJIbHOTO CUT'Haja CBETO-
paccesiHUsI OT TOJIIIMHBI KaHala MOXET ObITh allpOKCUMUPOBaHA SKCITOHEHIIMAIbHOM
(pyHkument. [Insa nanHbix ¢ puc.48a 3KCNOHEHIMAIbHbBIA KO3(D(PULIMEHT 3aTyXaHWs paB-
HseTcsa nopsaka 150 mxkm (pucyHok He npenctaBieH). [lonydyeHHble TaHHBIE MOTYT

MOMOYb B JIaJIbHEHIIEN CTaHJAPTU3AIUU U3MEPSIEMBIX [TAPAMETPOB.
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Puc. 48: 3aBucumMocTs (a) pyHKIHMU cBeTOpaccessHUsA U (6) HOPMUPOBAHHOM (PYHKIIMM CBETOpAaCCesTHUS
OT BPEMEHH TP Pa3HbIX 3HAUYESHHUSIX TOJIIIMHBI KIOBETHI B 00pasiie KPOBU OTHOTO 3[J0POBOTO JIOHOPA.

5.4.3 T'ucrepe3uc arperanuy SpUTPOIUTOB

bBbuta pazpaboTaHa MeTOAMKA KOJMUYECTBEHHOro M3MepeHusi ['A, BbIpaXk€HHOTO B
MPOLIEHTaX OT Pa3HOCTU CUTHAJIa arperMpoOBaHHON U J1€3arperipOBaHHON KPOBU JJIst
arperomerpa «IIJIAK 1», koTopas npuBeaeHa B pazaene [ ucmepesuc azpezavuu spum-
pouyumog. VI3MepeHns npoxoAT B TEYCHUE MOPAIKa 8,5 MUH. [PYU MTOCJIEI0BATEIbHOM
NPUWIOKEHUHU CIIENYINMX 4YacToT Kosnebanuii BuOpoauHamuka: 0-110-120-110-0 I'g
(cm. puc.46). Ha puc.49 npuBeieH HOpMUPOBAHHBIA CUTHAJT CBETOPACCESIHUS B 3aBUCH-

MOCTH OT BPpEMCHH IIpU N3MCPCHNUN I'A — HaHHBIC IJI U3MCPCHUA I'A HOPMHPYIOTCA

JIEJIEHNEM OCHOBHOI'O CUrHaJIa Ha pedepeHcHbI (Lyopy = f;’:;) Ot 0 go 100 cek. o6pa-
3el] KPOBU HAXOJUTCS B MOJHOCTBIO arperupoBaHHoM cocTossHuM; oT 100 go 200 cek.
NpU BKJIIOUeHUH BUOpoaguHaMuKa Ha yactote 110 ['1 caABUroBble HanpsiKeHUs1 YAaCTUYHO
paspymaioT arperatsl; oT 200 1o 300 cek. mpu BKJIIOYEHUN BUOPOAMHAMHKA Ha YaCTOTE
120 'y ciBUrOBBIE HANPSIKEHUS MOJHOCTHIO PAa3pylIAIOT SPUTPOLIUTAPHBIE arperarthl
npumepHo 3a 70 cek.; ot 300 mo 400 cek. HaOmogaeTcs yacTuaHast AD, KOTOPO# mpe-
NATCTBYIOT CIBUTOBbIE HANpPsIKEHUs OT BUOpanuii BuOpoarHamuka Ha yactote 110 I';

ot 400 1o 500 cek. HabmogaeTcs cionTanHast AD. JlaHHbIe cBeTOpaccesiHus Ha puc.46
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paccuMTaHbl yCpeIHeHUEeM CUrHajla 3a MOCJeIHUE S5 CeK. nepel UBMEHEHUEM YacTOThI
kosieOanuii BUOpoauHaMmuka. Ha puc.46 BUIHO, YTO CUTHAJ CBETOPACCESTHUS OTIMYAET-
Csl TIpY OIMHAKOBO# YacToTe Kojebanuii BuOponuHamuka (110 I') B 3aBUCUMOCTH OT
npeapicTopuu. Kak npeacrapiisieTcs aBTopy AuccepTanuy, Hanbdonee nHPOpMaTUBHBIM

napaMeTpoMm, xapaktepusyoimuM ['A npu 1aHHOM U3MEpPEeHUH SIBJISETCS CJIEIYIOIIHUIA:

TA — T110 | 100200 cex. — 1110 11| 300— 400 cex.
cpeaHee 3HaueHHe Iy,

KPOBH OIHOTO 3JI0POBOTO JIOHOpa cocTaBui 22,5%. TpeOytoTcs naabHeuIe uccieio-

x 100%. PaccumtanHbiii TakuMm criocoooMm A s

BAaHWM JAHHOTO MapaMeTpa, XapakTepusymoiero AJ.

1.30

N

N

(&)}
1

1.20

HopmupoBaHHasi UHTEHCUBHOCTb
paccesiHus Bnepea, OTH.eq.

0ly 110y | 120y | 110 Ty 0ly

0 100 200 300 400 500
Bpewms, cek.

Puc. 49: 3aBucuMocTh HOPMUPOBAHHON MHTEHCUBHOCTU CBETOPACCESIHUS OT BPEMEHHU IIPU U3MEPEHUN
I'A. TIpu 00paboOTKe TaHHOI KPUBOH MOTYYaI0TCS JaHHBIE, IPUBEIEHHbIE Ha puC.46.

Yactorel 110 I'm m 120 I'm moxOupanmuch SMIMpuIeckd. MOXHO 3aMETHUTh, YTO
yacToThl BuOponuHamuka 110 'l He1ocTaToYHO At TOTO, YTOOBI pa3pyIIUTh SPUTPO-
LUTapHbIe arperathl, Torga Kak yactorsl 120 I'm — gocTtaTtoyno. Ha niepBbiid B3I
KaXXeTCs, YTO HE MOXET OBITh TaKOro, 4ToObl M3MeHeHue 4JacToTel Ha 10 I'm mmenn

Takyio 0oJbiyio posib. OIHAKO HAJIO YUecTh cleayomue 2 ¢gpakTopa:

* V BUOpOAMHAMUKA €CTh CBOSI aMILIUTYla-4acTOTHasA Xxapaktepuctuka (AUX). [1pu
MOBBIIIIEHUH YacTOTHl aMIUIUTY/Aa OyJeT cHavaja pacTd, a 3aTeM MOXET 3HAYMMO

Na/iaTh, TaK 4YTO OyIET HAOMOOATHCS XapaKTepHBIi SKcTpeMyM Ha AYX.
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* [Tomyio)kKa MO/ KIOBETY COEJAMHEHA C KOPIYCOM 4epe3 2 MPYKUHBI C KECTKOCTHIO
nopsinka 500 H/m xaxpasa u ¢ BubpoguHaMuKoM. TeM cambIM JaHHYIO CHUCTEMY
MOKHO MPEICTaBUTh KaK MPYKUHHBIA OCIIWJISTOP C BHEITHEH CUJION, JIBM)XEHHUE
KOTOpPOTO B HYJIEBOM MPUOJIMKEHUH ONUChIBaeTCsl ypaBHeHueM 5.4. TeM cambim,
MaKcUMaJbHas aMIUTMTyAa KojneOaHuii OyaeT HaOmoaaThes nmpu pe3onance. C mo-
MOIIIBIO TPOrpaMMHOro naketa Mathematica!® 6bi10 paccunTaHo, uTO MIMPUHA Ha
yPOBHE MOJIOBUHBI BHICOTHI TUCTEPE3KMCa JIJIsl THMYHBIX 3HaYeHUH K03 pUIIMEeHTOB

m, k, ¢, Wenep, F' Kak pas cocrasuser nopsaka 10 I

d*x dx
m— 4+ c— + kx = F sin(wWgyept 5.4)
dt2 " dt (Waucpt)
rae m — CymMMa Macc MOAJIOKKH 1 KIOBEThl U CaMOil KIOBETHI, £ — KOI(PDUIIMEHT
KECTKOCTH NPYKUHBI, ¢ — KOIPPUIIMEHT, XapaKTEPUYIOIIUNA TpeHUe, F' — aMIIMTyaa

CHJIbl BUOPALIMH, Weygp — YACTOTA BUOPALINIA, ¢ — BpEMSA, & — aMILIUTY/A.

5.4.4 IloBTOpPsSIEeMOCTb U TOYHOCTH MOJYyYaeMbIX Pe3yJbTAaTOB

J1151 IpOBEpKY TOYHOCTH U3MEPSEMBIX TAPAMETPOB UCIOJIb30BaIaCh KPOBb 3-X 3]10-
poBbix JOHOPOB. Ha ocHoBe 10 nociie1oBaTeibHbIX U3MEPEHUI B TEUEHHE 2 MUH. OLICHU-
BAJIMCh CPEJIHME 3HAUYCHHU S TapaMeTpoB AD (CM. puc.45) U UX CTAaHIapTHBIE OTKJIOHEHHUS.
It KaxI0ro oOpasia pacCUMThIBAIACh OTHOCUTEJIbHAS TOTPEITHOCTh U3MEPEHU S, KO-
TOpas 3aTeM ycpeaHsack. [TomydeHHbIe pe3yabTaThl MpuBeAeHbI B Ta0. 10 1151 pa3HbIX
napaMeTpoB. BUJHO, UTO €CTh mapaMeTphl, 111 KOTOPBIX OTHOCHUTEJIbHAS OIMOKa He
oobinie 5% (x npumepy, Al nis Bpemenu 6osnbine 50 cek.), A HEKOTOPBIX B paiioHe
10% (T’ /2, Timac AT10), a nnsa HeKoTOphIX gaxe Ooubire 20% (11, 7). Ha manHbIil Mo-
MEHT OTHOCHUTEJIbHAS OlMOKa Mpu u3MepeHnu napameTpoB AD Ha arperometpe «[TJIAK
1» 3HauKTeILHO OOJIbIIE, YeM i arperomeTpa RheoScan. K npumepy, oTHOocuTe 1bHAS

ommOKa Ui MOCJIEAHErO Npu u3Mepennu napametpos Al u T/, He npesbinaeT 5%
[126].

IIJIH NWIUTIOCTpAaluU ITOBTOPACMOCTHU IMOJYUYCHHBIX PE3YJIbTATOB ITYTEM alllIPpOKCH-

MaIu 1 o0OpabOTKM arperatorpam JaHHble BU3yaJU3UPOBAIUCH Ha rpaduke bienma-

Yhttps://www.wolfram.com/mathematica/

200pnnako He crieayeT 3a0bIBaTh, 4TO ypaBHeHHe 5.4 CIIpaBeIMBO NPH Psjie JOMyIIeHuil. B nepByio ouepe/p, 310 Masas
aMIUIMTYyAa KoneOaHuil 1 rapMOHUYHOCTh BUOpaluii. VI3 ypaBHeHHUsI TaKKe XOPOIIO BUIHO, T0YeMy HeoOX0uMa I0CTHPOBKA
TIOJIO)KEHUS1 BUOPOJMHAMUKA: [P €r0 CMEIICHHUH B MOJIOKEHNE CHIIBHO CHKATBIX MPYKUH cuiia F' OyneT racuthesi 3a UX cUer.
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Ta6uuna 10: OTHOCHTENIbHAS IOTPEITHOCTh U3MEPEHUI Pa3IMYHBIX MapamMeTpoB AD Ha arperomerpe
«[TJTAK 1» (cm. puc.45), paccunTaHHast HA OCHOBE JIaHHbIX, IIOJYYEHHBIX OT TPEX 3J0POBBIX JOHOPOB.
[MTocne napamerpoB Al nmpuBeneHO BpeMs B CeK., 1Jist KOToporo A/ paccuuTaHo.

IMapamerp Lnae | A1 | Ay | 11 | 7o | AT2,5 | AT5 | AT10 | AT 25| AT 50| AT 75| AI 100 | Al max | T},
OTHOCHUTEJIbHAS MOTPEIIHOCTb, % | 7 19 | 12 |21 |27 17 13 11 7 5 4 4 2 11

AnbpT™mana [272]. O6sruHO BU3yanmu3ans bienaa- AibTMaHa UCTIONB3YETCS 71 aHAIu3a
pa3Inumiil onpeieSIEHHOro MapaMeTpa B UBMEPEHHAX MEKy IBYMs pa3HbBIMU ITprdopa-
MU WIH JBYMS pa3HbIMU MeToaamu. OIHAKO 4acTO JAHHBIA METOJ UCTIOIb3YETCS IS
OnpeJieJIeHNs1 COMIAaCOBAHHOCTU Pe3YJIbTATOB IPU 2 MOCJIeI0BATEIbHBIX W3MEPEHUSIX
(cm. pazpen 3.2.4 B [259]), uro u Ob110 Tipoaenano Ha 11 obpasiax KpoBH 115 mapa-
metpoB Al (10 cek.) u T 5 (cm. puc.50).
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Puc. 50: I'padpux brnenna-AnpT™Mana npu aHasm3e 2 Mocjae10BaTeIbHbIX U3MEPEHUH /17151 mapaMeTpa (a)
AI (10 cex.) u (6) T' /2. 3akpamenHas o6aactb — 95% poseputenbHblii MHTEPBal. SD — crangapTHOe
oTkJIoHeHHe. Kakgas Touyka COOTBETCTBYET Mape MocjeoBaTeIbHBIX U3MEPEHUH Ha OJHOM 0Opasiie
KpPOBH.

Bosbiime pa3nnuns Mexay CpeJHUMA 3HAYEHU MU [TApAMETPOB CBA3aHbI C UCITOJIb-
30BaHMEM PECYCIEHIUPOBAHHOM U, B pPAE CIy4YacB, C ©3BMEHEHHBIMU arperaiOHHbIMU
xapakTepuctukamu. Ha rpacukax BUIHO, 4TO OOJBIIMHCTBO U3MEPEHUN MOMNaaaloT B
95% noBepuTEbHBIA UHTEPBAJ, U CPEIHSAS pa3HUIlAa 3HAYEHUI MapaMeTpOB MeXay 2
MOCJIEAOBATEILHBIMA U3MEPEHMAMU HAXOAUTCSA OKONO HYA. [lonydyeHHble TaHHbIE TO-
BOPSAT O MOBTOPSIEMOCTH TOJIyUYEHHBIX Pe3yJIbTaTOB, OAHAKO HAOJ0AaeTCsl psill BHIOPO-

coB. [Toatomy npu ucnonbszoBanuu arperomerpa «IIJIAK 1» pexomeHnnyercs nenaTth
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nopsizika 7-10 usmepeHuit v BHISBIATH BHIOPOCHI IaHHBIX.

5.5 JlaabHeinye BO3MOKHOCTH YCOBEPIIEHCTBOBAHUS arperomMerpa

Y MeHbIIUTh OTHOCUTEIIbHYIO OIIMOKY u3MepeHus Ha arperometpe «I[IJIAK 1» mox-

HO C MOMOIIBIO CJIEAYOIIUX U3MEHEHNUN (110 IPUOPUTETY ):

* 3aMeHa HeJJOPOroro jJazepHoro auoaa (cm. puc.42) Ha 6osee 10poroit ¢ MEHbITUMHU
(piryKTyanussMu MOIIIHOCTY MO3BOJIUT CHU3UTH LITyMbl UBMEPEHUS U YMEHBILIUTH T10-
MIEPEYHBIN pa3Mep MyuKa, 4TO MOBBICUT TOUHOCTh PETUCTPAIUU KOJTTAMUPOBAHHOT O
MIPOITYCKaHUS;

* U3MEHEHHEe CXEeMbl pErUCTpalvy cUrHaiia ¢ hoTOAUOAOB Iy TeM J0O0aBJIeHHUs orepa-

LIMOHHOTO ycUIuTe !

, YTO MOBBICUT YyBCTBUTEIBHOCTh M TOYHOCTh U3MEPEHUIA;

* YCOBEpIIIeHCTBOBAaHUE KpeIJIeHUs] BUOPOJIMHAMUKA K TMOJIJIOKKE T0]] KIOBETY U 3a-
MeHa BUOpOIMHAMHKA Ha 0oJiee MOITHBIN (MOIITHOCTH OosibIe 5 BT), uro obecnieunt
6onee 3(ppekTUBHYI0 U BOCTIPOU3BOIUMYIO JIe3arperaiuio SpUTPOIMTAPHBIX arpe-

raToB 3a CUYCT YBCJII/I‘ICHHOﬁ AMIIJIMTYObI 1 CTaOMJILHOCTH BI/I6paL[I/II/I.

Takxke ycoBepiieHcTBoBaHHe arperomeTrpa «IIJIAK 1» moxeT ObITh myTem uc-
MOJIb30BaHUSI MUKPO(IIOMAHOIO MEXaHu3Ma je3arperaiuuu 3putpouutoB. K mpume-
Py, B arperoMeTp BMECTO OOBIYHOM KIOBETHl MOKHO MOMecTUTh KioBeTy RSD-KO1 mis
RheoScan (cm. puc.18), 1 cIBUTOBBI MOTOK CO3/1aBaTh C MOMOIIBIO IIIPUIIA U HACO-
ca. [laHHBII METOA MO3BOJUT OIpEAeauTbh ructepe3uc AD B aOCOMIOTHBIX €AMHUIAX,
TaK KaK MOXHO pacCUMTaTh CO3/laBa€Mble CIBUIOBbIE HANpPsIKEHUS B KioBeTe. Takxke
MHTEPECHBIM YCOBEPIIIEHCTBOBAHMEM MOXXET BBICTYIATh UCIIOIb30BAHUE BUIEOKAMEPHI
BMeCTO (pOTOAMOAA, KOTOPYI0O MOXHO MCHOJIb30BaTh B KAYECTBE CEHCOpPa KOJIMMHPO-
BAHHOT'O MPOIMYCKaHUs, KaK CAeIaHO B [258], WM ke UCMOJIb30BaTh €€ IJIs aHaM3a
creKJIoB?2, monyyaeMbix oT 00pasua. Takke MOXKHO 3aMEHHTD JIa3ep C JJTUHON BOJHBI
650 HM Ha nazep ¢ aauHO#R BosiHBL 800 HM, YTO MO3BOJIUT MUHUMHU3UPOBATDH BIIUSIHUE

OKCUT€Hallud KpOBM Ha mapaMmeTpsl AD [273].

21k IpuMepy, MOKHO HCTIONB30BaTh ONEPALMOHHbI YCUITUTENL Ha MUKpocxeme MCP6022-1/P

22HacKoNbKO U3BECTHO aBTOpPY AMCCEPTAIMU HA MOMEHT €€ HAIMCaHUSI aHAJIA3 CTIEKJIOB JIJIs OTIpe/iesIeHIs TapaMeTpoB AD
B BUMMOM 00J1aCTH He ObLJT peaM30BaH, OIHAKO €CTh peau3alysi B PEeHTTeHOBCKOM Jinara3one [247].
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3AKJIIOYEHHNE

HuccepranonHast paboTa MOCBSINEHA MCCJIEJOBAHUI0 MUKPOPEOJIOTUd KPOBH in
Vifro A in vivo B HOPME U NATOJOIMU C IOMOIIBI0 KOMIUIEKCA ONTUYECKUX METOMOB.
B pamkax paGoTbl ObUTH BBISIBJIEHBI Pa3JIMYHble OCOOEHHOCTH B3aUMOJEHCTBUS KIETOK
KPOBHU, KaK ¢ (pyHIaMEHTAJIbHOW TOYKHM 3PEHHUs, TaK U C MPUKJIaJHON. Bpln npoaHa-
JIM3UPOBaHbl JaHHbIE MUKpopeosioruu Kpou Oojiee 500 manueHToB, KOTOpblE ObLIH
BKJTIOUYEeHBI B MiccyieoBanue ¢ 2017 mo 2024 roa. Takke ObLT MMPOBEACH s UCCIIC0BA-
HUI, paCKpBIBAIOIINI YaCTHBIC aCTIEKTHl B3aMMOJICHCTBUS SPUTPOIIMTOB MEXIy COOOH,
a TakXXe C COCYAMCTBIM HIOTENUeM in vitro. bbum pa3padoTaHbl HOBbIE POTOKOJIbI
UCCJIeIOBaHUIA, MpOrpaMMHbIe oOecrieueHus AJisi 00pabOoTKU pe3yIbTaToB, a TAKXkKe pas-
paGoTaHbl HOBBIE METOABI U3MEPEHUSI TAPAMETPOB MUKPOPEOJIOTUU KPOBH in Vitro.

IIpoBeieHO cpaBHEHUE MUKPOPEOJOTMUYECKUX MTapaMEeTPOB KPOBU, U3MEPEHHBIX C
IIOMOIIBIO ONTUYECKUX METOMAOB, IS MALMEHTOB U3 I'PYNI C PA3JIUYHBIMUA CEPACYHO-
cocyaucThiMU 3a00s1eBaHusAME. [TonydeHo, 4To arperaius SpUTPOIMTOB CTATUCTUYECKH
3HAYMMO IOBBIIIAETCA OTHOCUTEJBHO 3HAYEHUI KOHTPOJIbHOU IPYIIIIBI 3J0POBBIX JOHO-
POB JUISL BCEX TPYINI PacCMaTPUBAEMBIX IMATOJIOTMH, T.€. NMPU HAJIUYHUHA Y MAI[UEHTOB
apTepuabHOM TMIIEPTEH3UN W/WIM UIIeMUYecKol Ooie3Hu cepaia u/umm pudpuis-
UK TIpeJIcCepAnii /WM caxapHOro amadera 2-ro Tuma. [ mapoauHaMudeckas mpod-
HOCTb arperaroB, Kak W 1e(OpMUPYEMOCTb SPUTPOLIUTOB OTJIMYAJIACh OT 3HAYEHUI
3JJ0POBBIX TOHOPOB TOJIBKO JJI1 ONPEJEJIEHHBIX Ipynn nauueHToB. [lomydeHsl xapak-
TEPHBIE KOPPEJIALIUU arPErallMOHHBIX apaMETPOB PUTPOLIMTOB, U3MEPEHHBIX i VIVo U
in vitro. I1okazaHo, 4TO JaHHbIE KOPPEJIALMU OTINYAIOTCS U1 PA3HbIX IPYIII NALIMEHTOB
HECMOTPS HAa OTCYTCTBUE CTATUCTUYECKU 3HAUMMBIX OTJIMYUANA MEXK Y MUKPOPEOJIOTYE-
ckumu napamerpamu. C OMOIIBI0 METOAA KAMMLIAPOCKONNH IMOKA3aHO, YTO CKOPOCTh
KaMWUISIPHOTO KPOBOTOKA CTAaTUCTUYECKU 3HAYMMO HYIKE Yy MalMeHTOB ¢ (pUuOpUsIis-
IIUel Tpejicepiuil U MAlMeHTOB ¢ UIIEMUYeCcKol O0JIe3HbI0 cepAlia Mo CPAaBHEHUIO CO
3I0pOBBIMH 10OpOBOJIbIIaMU. Koppensiiiny napaMeTpoB, MU3MEPEHHBIX in Vivo Ha KaruJl-
JIAPOCKOIIE, CTATUCTUYECKH 3HAYMMO OTIMYAIOTCA MEXAY ABYMs I'PyNIIaMU ALUEHTOB.

PackphIT psZ1 aCIEKTOB B3aUMOJENCTBUSA IPUTPOLIMTOB, & TAKKE COCYIUCTOrO SH]IO-
TEJIMA B YCJIOBUAX in vitro. [IokazaHo, 4TO OKCUJI A30Ta BJIMAET Ha arperanyio SpUTpoLu-
TOB, [IPUYEM ITO BJIMAHUE 3aBUCUT OT CPEBI, B KOTOPOW arperupylor KJIeTKu. Briepsbie
C IOMOWUIBIO JIA3€PHOTO NMMHLIETa U3MEPEHBI CUJIBI B3AUMOJEUCTBUS MEKLY OIUHOYHBI-
MU PUTPOLUTAMU 3J0POBBIX JOHOPOB B ILIa3M€ KPOBU U MOHOCJIOEM 3SHAOTEIUA B

(pusmonornyeckom coctostHuM. JlaHHbIE CUJIBI cOCTaBIAIOT nopsiaka 1 mH, Torga kak
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CUJIbl B3aUMOJIECTBUS IBYX IPUTPOLIMTOB cocTaBiisiioT nopsiaka S nH. Cuna ganHoro
B3aUMOJICHCTBHS 3aBUCUT OT KOHIIEHTpaluy (pMOpUHOTeHa B TIa3Me KPOBH.

JLONOJIHUTEIPHO MPOAEMOHCTPUPOBAHA 3ABUCUMOCTDb arperaiyyd 3pUTPOLIUTOB B
ayTOJIOTUYHOM IJIa3Me KPOBU OT TeMIlepatypsl. JlokazaHo, 4TO TemMrieparypa IpuemMy-
IIECTBEHHO BJIMSAET HA HAYAJIBHYIO CTAUIO arperaiuy 3puTpoLuTOB. FIMEHHO 1o3TOMYy
BAKHO KOHTPOJIMPOBATh TEMIIEPATYPHbIE YCJIOBUS NIPU U3MEPEHUSX.

Co3/1aH MOPTaTHBHBIN JIA3EPHBIN SPUTPOLIUTAPHBIA arperoMeTp — HOBBIN TPUOOP
Y IIpOrpaMMHOE 0OecIieueHne, KOTOPbIE MO3BOJISIOT TTO-HOBOMY M3MEPSTh arperaiuoH-
HblE XapaKTePUCTUKHU SPUTPOLIUTOB. BriepBrie ObLIO MPOAEMOHCTPUPOBAHO NPUMEHEHHE
BUOPAIIMOHHOTO MEXaHU3Ma Jie3arperaiuy SpUTPOLIUTOB ISl U3MEpPEHusl TucTepe3uca
arperanyu, KOTOPbIA JJIsl 3I0POBOTO JOHOpA COCTaBJISeT nopsaaka 22,5%. [IposeeH-
HbIE HMCCJIEAOBAHMUSA HAa KPOBM 3[I0POBBIX JIOJIEH IMMOKA3aJd MOBTOPSIEMOCTh PE3YJIbTa-
TOB MPU MOCJEJOBATENILHBIX U3MEPEHUsIX. OTHOCUTEIbHASI TOTPENTHOCTh MapaMeTPOB
Al (10cexk.), T} /2 coctaBuna 11%. JlaHHbiil arperoMeTp MepCrneKTUBEH ISl UCCTIE/I0-
BAHMS BJIMSIHUS SHIIOTEJIMS HA arperaliMoHHbIE CBOMCTBA IPUTPOLIMTOB, TaK KaK Ieo-
METPHUS KIOBETHI IMO3BOJIFET B HEE ITOMEIATh CTEKJIBIIIKO C HIOTEIUEM.

[Tony4deHHbIe PE3yJIbTATH AONOJHSAIOT UMEIOIIMECS 3HAHUSA KACATEJIbHO B3aUMOJIEN-
CTBUS KJIETOK KPOBH, B OCOOEHHOCTH, IPU PACCMOTPEHUU MPOLIECCa arperau SpUTpo-
uuToB. [laHHas padoTa SIBJSETCS HOBBIM IIAarOM K TOMY, YTOOBI TO3HATh TaliHBI KPOBHU.
OHa He TOJBKO OTBEYAET Ha ITOCTABJICHHBIE BONPOCH, HO M 3aJaeT HoBble. OLEHKa
MHUKPOPEOJIOTUIECKUX TTapaMeTPOB KPOBU C TOJIaMU CTAHOBUTCS BCE OoJiee akTyaIbHOM
TEMOU B MEJUIIMHCKOW HAYKE, U MOKHO BBIPA3UTh HAAEK Y, YTO MMOTYyUYEHHBIE B JAHHOU
paGoTe pe3y/lbTaThl HOMOTYT B JAJbHEUIINX UCCIICTOBAHUSIX.

Benp KpoBb — 3TO BakHEHIIasA KUJKAs TKaHb HAIIETO OPraHU3Ma U U3MEHEHUE €€
CBOWMCTB MOXET OTHOCUTHCS KaK K aJalTallMOHHBIM IpOLEeccaM, TaK U K MaToJoruye-
CKMM, KOTOPBIE BIIMAIOT Ha BEChb OPTaHU3M B 1LIEJIOM. BO MHOTMX CiIy4asX TOJbKO OAHO-
BpeMeHHasi 00pb0Oa C peoJOrMuecKMMU HapyIIeHUs MU U IPYTUMH PacCTPOMCTBAMU, B
YACTHOCTHU, BHYTPUCOCYAACTHIM CBEPTHIBAHMEM KPOBHU, MOXKET IPUBECTH K KEJTAEMOMY

TepaneBTUIecKoMy ycriexy [21].
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BbIBO/1bl

1. YcTaHOBJIEHO, YTO COIY TCTBYIOIIUE apTEPUATILHON TUIIEPTEH3UU 3a00JIeBaHUS YCH-
JIMBAIOT arperanuio 3pUTPOLIUTOB in Vitro W in vivo. [1Jis pa3HbIX IPYIII NALIUEHTOB
BBISIBJIEHBI CHIEU(PUUECKUE KOPPEJIALIMU MEXy apaMeTPaMM arperauyy puTpo-
IIUTOB, B YACTHOCTH, MEXK]ly IPOYHOCTHI0 arperatoB (C'S\S) v UHAEKCOM arperaiuu
(AI). CratucTryecky 3HaUMMAasi MOJoKUTENbHAST Koppessuus (r = 0, 5) oOHapy-
KeHa TIpU apTepualibHON runepTeH3un u pudpwuisaimu npeacepauit (r = 0, 3),
a Take MpU COYETAHWW WIIEMUYECKON OOJIe3HM cepllla ¢ caxapHbIM TUa0eTOM
(r = 0,5). Y npyrux rpymnm naiyeHTOB TaKOW KOppesuu He HaOII0JaeTC .

2. MeTonoMm Ja3epHOro MUHIIETA BIIEPBbie ObLJIO MOKA3aHO, YTO IPUTPOLIUTHL 3J0PO-
BbIX JOHOPOB B3aUMOJICMCTBYIOT C COCYJUCTBIM SHIIOTEJIMEM B (PU3HOJOTHUECKUX
YCJIOBUSAX In Vitro B ayTOJIOTUYHON IUIa3Me KpOBU ¢ cwiiaMu nopsaka 1 nH, rorpa
KaK SpUTPOLIMTHI B3AaMMOAENCTBYIOT IPYr C IPYroM ¢ cujiaMu nopsaka S5 nH.

3. Cuiibl B3aMMOJENCTBUS MEXK Y SPUTPOLIUTAMU U COCYAUCTBIM SHJOTEJINEM 3ABUCST
OT KOHIEHTpaluu (puOpUHOreHa B Iia3Me KPOBU: OHU JIMHEHHO YBEJIMUUBAIOTCS C
pocToM KoHHeHTpaimu pudpuHoreHa ot 0 10 4 Mr/mi1, TOCTUTas 3HAYCHUS HAChI-
meHus nopsaka 2,8 £ 0, 1 oH.

4. MeToaoM JIa3epHOro NUHIIETa MOKa3aHo, 4To okcul azota (NO) BiMsieT Ha arpera-
1uio 1 1epOpMUPYEMOCTh SpUTPOLUTOB: Npy uHKYOarmu L-aprununa (100 MxM) ¢
SHJIOTEJIMEM B Ay TOJIOTUYHOM IUIA3ME arperanus SpUTpOUMUTOB HA MOHOCJIOE SH[I0-
Teans cHUKaeTcsa Ha 19 + 2%. DddekT 00ycIoBIeH aelicTBUEeM HI0TeTuaTbHON
NO-cuHTa3bI.

5. Ilokasano, uro BimsHHUE foHOpa NO — Hutponpyccuna Harpus (HITH) — Ha ar-
peranuio u 1eOpMUPYEMOCTb IPUTPOLIUTOB in Vitro 3aBUCUT OT AaHTUKOATYJISTHTA.
[TIpu konneHntpanuu HITH 200 MkM rugpoarHamMudeckasi POYHOCTh arperaToB
yBeJmunBaercs Ha 8 = 1% B KpOBU C renmapvHOM JIMTUSA U HE U3MEHSETCH IpU
ucnonbzopanui JITA. ekt o6ycnosnen npucyrcrsueM Ca’™ B renapuHusy-
POBAaHHOI KPOBU U €ro OTCYTCTBUEM IpH cTadmim3aiuu Kposu S TA.

6. Pa3paboTana ycTaHOBKA MOPTATUBHOTO JIA3€PHOTO SPUTPOLUTAPHOTO arperomeT-
pa, MO3BOJAKIIASA U3MEPATh MMAPAMETPBI TMCTEPE3UCA Arperali U CIIOHTAHHOW
arperamyy 3puTpouMUToB. BriepBbie MpoJeMOHCTPUPOBAHO PUMEHEHUE BUOpAIH-
OHHOI'O MEXaHW3Ma Il OLIEHKHM TMCTEPE3HCA arperalnyy, COCTaBISIONIETO OKOJIO

22,5% y 300pOBOTO JOHOPA.
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BJIAT'OJAPHOCTU

ABTOp BHIpa)kaeT UCKPEHHIO OJIaroJapHOCTh CBOEMY HAYYHOMY PYKOBOJUTEIIO
Anexkcannpy BacwibeBnuy I[IpuesxeBy 3a MOMOLIb M HACTABJICHUE HAa MPOTSKEHUU
BCEro MyTH, HauMHas ¢ OakanaBpuara. Takke aBTop Onaromaput Annpest Eroposuua
JlyroBuosa, CemenoBa Anekces HukonaeBnua, MakcumoBa Matsest KOHCTaHTMHOBHYA
1 BeCh KOJUIEKTUB JJabopaTopuu buome auimHcKoi (hoToHUKU Kadeapsl Oouieti husuxu
u 80anoe6wvix npoyeccos Puzndyeckoro gakynprera MI'Y umenun M.B. JlomoHoCcOBa 3a
00Cy/IeHuE pe3yJbTaTOB, MIOMOIIb B PeaM3allui SKCIIEPUMEHTOB U MHOTHX JIPYTHUX
ACMEeKTOB Hay4YHOU paboThl. ABTOP BhIpakaeT O1arogapHocTh Kadenpe Oouieti husuxu
U ONHOBBIX NpoOYeccos U ee 3aBeyieMy rpodeccopy MakapoBy Braaumupy AHaTo-
JbeBUUy. ABTOp OJarofaput qokTopa MeauimHckux Hayk IlernosuroBy Ombry Huko-
JIaeBHY 3a II0JOTBOPHOE COTPYAHUYECTBO, 00CYkIEHUE pe3yJIbTaTOB U 3a peICTaBie-
HHE BO3MOXHOCTH padoTath ¢ BeiparieHHbM 3H10TemeM HUVEC. ABtop 61arogaput
OOKTOpa MeIMUMHCKUX Hayk [ ypdunkens FOpus Mibnya 3a COTpyAHUYECTBO U ILIOJ0-
TBOPHOE OOCY KAEHUE Pe3yJIbTaTOB. ABTOP OJIaroapuT AOKTOpa OUOJIOTMYECKUX HAYK
Anekcest BacunbeBuua MypaBbeBa 3a TUIOHOTBOPHOE COTPYAHUUYECTBO, OOCYKICHHUE
PE3YJITATOB U BO3MOKHOCTb YYacCTHsA B OPraHU30BAHHBIX UM KOH(pepeHIusax «Mukpo-
UpKyJsaus u remopeosiorusi» B 2018 u 2023 1. Takxke aBrop 6marogaput KymmkoBy

Hapexny PomaHOBHY 3a HEOLIEHUMYIO OJIEPAKKY BO BPEMSI HAITMCAHUSA TUCCEPTALIVN.
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[MPUJIOXKEHMUE 1. Banupanusa 2D monenu arperanim kKeCTKUX KJIETOK

AHHoTanuA: B 1aHHOM NPUIOKEHUH TIPEICTABIIEH Pe3yJIbTaT, OJTYUYEHHBIH C TOMOIIbio Moaeu 2D AD:
U3MepeHre CKOpocTH AD B NepBbie 2 CEKYH/bl MX B3aUMOAECHCTBUSA B 3aBUCUMOCTH OT MOJIEKYJISIPHOM
Macchl MAKPOMOJIEKYJI. BbLT oTyYeH oxxuaaeMblil pe3yabTaT KOJIOKOI000pa3HOi 3aBUCUMOCTH CKOPOCTH
AD npu U3MEeHEeHUU NapameTpa MOJEKYJspHOi Macchl. TpeOyeTcs nanpHeias pa3padoTka U ycoBep-

MIEHCTBOBAHUE MOJCIIN.

[Tporpammuslid ko Mojenu 2D AD, a Takke MpUMep UCIOJIb30BAaHUS JIOCTYITHbI B
oTkpeiToM pernosutopuu GitHub [65]. Tam ke B KOMMEHTApUAX K IPOTPaMMHOMY KOJy

OIINCAHbI OCHOBHBIC ITOJIOKCHUA MOACIMPOBAHNA. KpaTKOZ

* DpUTPOLUTHI B 2D Mo€I MOAECTUPYIOTCA KECTKUMU NPAMOYTOJIBHUKAMU, CTOPO-
Hbl KOTOPBIX MOXHO U3MEHATh. DPUTPOLUATH MOTYT ABUTAThCS TOJBKO IO OJHOMN

OCH.
e B Moziesi He yuuTBIBaeTCS JIEKTPOCTATUYECKOE OTTATKUBAHUE.
e MakpomoJieKysbl MojesimpytoTcs cepamu (Kpyramu B 2D).

* MakpoMOoseKyJibl IBUKYTCSI IO OPOYHOBCKOMY 3aKOHY U CTAJIKUBAIOTCS C SPUTPO-
nuTamu. Tem caMbIM YyUUTHIBA€TCS TOJNBKO BKJIaJ OCMOTUYECKUX CHJI CO CTOPOHBI

MaKpOMOJIEKYJI.

[TporpamMma Mo3BoJsieT 3a/1aBaTh Pa3JMYHble HACTPONKU MOJEIUPOBAHUS, COXPAHSIThH
MIOJTyYeHHbIEe JaHHbIE B Pa3HbIX (popMaTax.
Bbuta poBeieHa cuMyJisiis AD npu U3MEHEHUH MapamMeTpa MOJIEKYJISIPHON MacCh

MaKpOMOJIEKYJI IIPH HACTPOMKaxX, IMpUBeIeHHBIX B TaOJ.11.

Taoamma 11: Hactpoiiku MopenmpoBanus s Bamaaryu 2D monemm AD.

[TapameTp 3HaueHue
JlnuHa sputpoumTa T MKM
[Mvpuna spuTpouuTa 2 MKM
N3HavapbHOE NEpeKphITHE 5%

Bpems mopempoBanus 2 Cek.

[ITar monenpoBaHus 0,01 cek.
Temmneparypa 300 K
BsaskocTtb 0,0013 ITa*cek.
Konuenrpanusa makpomonekyn | 20 mr/mu

173



B pesynbrare mMopenupoBaHUs ObLUTM IOJyYeHa TPAeKTOPUW JBUKECHHS IHEHTPOB
pUTPOLUTOB. PaccTosiHue Mex 1y IIEHTpamMH KJIETOK B 3aBUCUMOCTH OT BpeMeHH Au-
(bepeHpoBanOCh, 4TOOBI MOTYYUTh CKOPOCTh AD B IPOMEXKYTOK 2 CEK. IOCJIE Havaia
arperauuu. Jlasee BbUMCIISAIACh CPEIHAS] CKOPOCTh AD U €€ CTaHIapTHOE OTKJIOHE-
HUE [UIS KaxAou 3agaHHON MonekynasspHoi maccel oT 30 go 1000 x/la. Pe3ynbraThl

MOJACJIMPOBAHUA ITPEACTABJICHBI HA pI/105 1.

Oo6cy:xaeHne U 3aKJII0YeHne

Ha puc.51 BuaHa Konmokonooo6- KoHueHTpaums makpomonekyn 20 mr/mn

pa3Hasl 3aBUCUMOCTb CKOPOCTH AD
B 3aBUCUMOCTH OT MOJIEKYJISIPHOM
MacChl MAaKpOMOJIEKYJI TIPU OJIMHA- 0.4 -
KOBOH UX KOHIeHTpauu 20 Mr/muiL.

[Tosy4yeHHbIE JaHHBIE COITIACYIOTCS

o
N
I

C JIMTEPATYpHBIMU, B KOTOPBIX Ha
IpUMepe JEeKCTpaHa MOKa3aHa Ta-

Kas ke TeHaeHuus [4]. bonee Toro

o
o

BUJHO, UTO B JaHHOW Mopeau A

HE WJIET MPU MOJIEKYJISIPHON mMacce

CKopocTb arperaunm, um/cek

menblie 60 k]la, 4To coracyercs c

|

o

(N
|

JUTEPATYPHBIMU AaHHBIMU [53].

HpeI/IMYH_[eCTBO N HCIJOCTATOK

HaHHOf/’I MOHeHI/I AS Haﬂ CymeCTBy_ _04 T T T T TT1T] T T T T T TT1T] T T T T TTTr[

10° 10° 10°
IOMHMMH 33KIOYACTCA B TOM, HTO MonekynapHas macca makpomonekyn, k[la
0oOeTHEHHBI! CJION SBHBIM 00pa3om

HE TIPEJCTAaBJICH B MOJCJIM — BME- Puc. 51: Yepeanennast ckopocth AD 3a 2 CeKyH/IbI TIPU Ha-
YaJbHOM KOHTAKTe KJIETOK 5% B 3aBHCUMOCTH OT MOJIEKY-
JISIPHOU Macchl MakpoMoJieKyi. [lomymnpo3pavnast o61actb
ACJIMPOBAHNMN NBUKEHUSA MAKPOMO-  Haj u o KpUBOW — CTaHJAPTHOE OTKJIOHEHUE.

CTO 9TOro OH MOJY4YacTCA IMpHU MO-

JIEKYJl U 3pUTpoUUTOB. Bmecrte ¢

TUM B MOJIEJIb MOXKHO J00aBUTh Pa3JMYHbIE YTOUHEHUs: Ne(POPMUPYEMOCTh KJIETOK,
BO3MOKHOCTb JOOABJIEHHU I HECKOJIbKMX THUIIOB MaKpPOMOJIEKYJI, 3IEKTPOCTaTUIECKOE OT-
TaJIKMBaHUE KJIETOK U Jp. [laHHasi MoJesb BMeCTe ¢ TeM TpeOoBaTesbHa K BbIUMCIIHU-

TEJIbHBIM pecypcam.

174



[MTPUJIOXKEHUE 2. Yucnennsiii pacyeT cuibl CTOKCA 1151 SpUTPOLIATA

AHHOTanuA: B JaHHOM NpPUJIOKEHUM NPUBEAEHbI Pe3yJbTaThl MOAEIMPOBAHUS CUJT BSI3KOTO TpPEHMS,
AENCTBYIOLIMX HA SPUTPOLUT B MOTOKe. YuCieHHO paccuMTaH koapduuueHt K ana dpopmynsl 2.3.
[Tonyueno, 4yro naHHasa popMyna nmpuUMeHUMa s ckopocteid oT 1 no 250 MkM/cek. AHaIUTUYECKUI
pe3ynbTat U3 popMyisl 2.4 GJIM30K B YMCICHHOMY.

dopmyna Crokca 2.3 A1 BBIUMCAEHUS CWIbl TPEHUs, NEUCTBYOIYIO Ha cdepo-
I/III/ ccpepy CO CTOPOHBI ITOTOKA KUIAKOCTH, Obl1a ITOJIYUYCHA B MPCAIIOJIOKCHUN JIAMHUHAP-
HOro noTtoka. MlHaye roBops, JaHHas (popmysa NpUMEeHUMA NpU MaJIoM 4yuciie Peii-
HOJIBJICA, KOTOPOE BBICTYIIAET KPUTEPUEM JIAMUHAPHOT'O TTOTOKA:

_ pubr

Re , (P.1)
n

rJ€ p — IJIOTHOCTh KUAKOCTH, U — CKOPOCTh MOTOKA KUKOCTH OTHOCUTEJILHO C(pephl,
D — ruipaBiIAyecKuii AUAMETP, ABJISIOIIUIACA MEPO TPOITYCKaHU S MOTOKA KUJIKOCTH,
7) — IMHAMUYECKasl BA3BKOCTh CPEJIbL.

OT popmbl 00bEKTa 3aBUCUT, MTPU KaKUX Yuciax PeiiHobaca MPOUCXOAUT IEPexXo]
OT JIaMUHApHOTO TeYeHHus K TypOyaeHTHOMY [277].

OCHOBHOI1 11€71b10 MOZIEIMPOBAHUSI SPUTPOLIUTA B IOTOKE KUIKOCTHU SIBJISLIIOCH CPaB-
HUTb KO3 PUIMEHT pakTopa (pOopMbI A, BBIMUCIEHHOTO 1O (hopMyJie 2.4 ITpu anllpOKCH-
MALMK SPUTPOLIUTA JLTUIICOUOM, C KO3 PULIMEHTOM (pakTopa (POPMBI, pACCUUTAHHBIM
YKCJIEHHO JJIs1 SPUTPOLNTA, (hopMa KOTOPOro NpeCcTaBiseT U3 ceOsl TBOSKOBOTHY ThI

AOUCK, ITPH Pa3HBIX CKOPOCTAX IMIOTOKA.

ITIporpaMMHbBII KOMILIEKC H HAYAJIbHbIE YCJIOBUSA MO/IeJIMPOBAHUS
s ruapoIMHAMUYECKOTO MOJEIMPOBaHKs ObLT UCMOJIb30BAH NPOrPaMMHBI KOM-
mekc COMSOL Multiphysics 6.1%* ¢ ucnonszosanuem moayiist Laminar Flow 1 Moys
Turbulent Flow, £ — €. YpaBHeHnus, pemaembie unrepgeiicom Turbulent Flow, k — €, —
910 ypaBHeHUs1 HaBbe-CTokca. DPheKThl TypOyIeHTHOCTU MOAEIUPYIOTCS C TOMOUIbIO
CTaHJapTHOW Mozesu k — €. Banmnanus noaxoaa BHavase Obula MPOAEMOHCTPUPOBaHA
Ha cepax, 1151 KOTopbiX KoadduiineHT K paBHsieTcs 1 (cM. ypaBHeHue 2.4).
dopma 3puTpOoLUTa — JBOSAKOBOTHYTHIA AUCK — MOKET MOJEJIMPOBATHCS PA3HBIMU
MOBEPXHOCTAMM: 3T0 Monesib fOpkuHa, Panra, Ckanaka, osas Kaccunu u ap. [278]. B

AaHHOH padoTe ucnosb3oBanack Moaels FOpkuHa; ¢popma SpUTpoLUTa anmpoKCUMUPO-

2https://www.comsol.com/product-download/6. 1
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BaJlach CJEIYIOIIMM yYpaBHeHueM [279]:
p4 + 2R4p222 + 24 + Rpo + R222 + R3 =0, (P.2)

rne R1, R2, R3u R4:

D?  bp2h2 b2t D*+4D%Ry — b*
Ri=——— + Ry =

4 4D?  4D2(h% —b?) 4h2

d? 4+ 2R ®3)
Ry =—1¢ (D*+4Ry) , Ry 5

IJie ¢ — 9TO IUaMETP KOJIblla, COOTBETCTBYIONINIA MAaKCUMAJILHOU TOJIIIMHE SPUTPOLIUTA,
D — 370 MakcUMaJbHbIA pa3Mep IpUTPOLIUTa, h — MaKCMMalibHasl TOJIIMHA, a b — MUHU-
MaJibHasl TOJIIMHA. J{J1s1 MOAe TMPOBaHU I UCTIOIB30BAJIMCH CJISTYIOIIME 3HAUEHU I TTapa-
MeTpoB [279]: Ry = —14, 3MkM?, Ry = 38, 9Mkm?, R3 = —4, 57mkm*, Ry = —0, 193,
YTO COOTBETCTBYET IPUTPOLUTY C MAKCUMAJILHBIM pa3MepoMm 7, 65 MKM U MaKCUMaJlb-
HOM TOJIIUHON 2, 44 MKM.

3D mopneinb B popmate st/ co3gaBaiach B Mathematica®, nanee Mojeb 9KCIIOPTH-
posanack B SolidWorks?®, rae npeo6pazosanachk u3 gaceTHoro Tena B Teepaoe. 1 yke
nociie 3toro 3D mozneis skcnioptupoBasiack B COMSOL Multiphysics 6.1.

CkopocTb oTOKa 3ajaBasiach ot 10 Mkm/cek. 10 250 mxm/cek. ¢ marom 10 MKkm/cex.

BsaskocTsb cpefibl 3agaBanach 1, 3 x 1073 mIla*cek., a TemmnepaTypa — 20 °C.

PesyabTaTsl MogeMpoBaHus
[To pe3ynbTaTam YMCICHHOTO MOJAEIMPOBAHUS OBLJIO MOTYYEHO, YTO KOI(PUIIUEHT
K nouty HUKaK He u3MeHsieTcs B npeaesiax ot 10 1o 250 MKM/CeK.: ero OTHOCUTELHOE
M3MeHeHue MeHblIIe 1 %. DTo 1 He yIUBUTEBHO, TaK Kak 4yucyio PeiiHombACa 4151 TaHHBIX
ckopocTern Re << 1. Pe3ynabTaThl CpaBHEHUSI AHAJIUTUYECKOTO PENIEHUSI C YUCJICHHBIM
npuBeieHa B Ta0s.12.
BugHo, yTo KO3 PULMEHTH K MeXAYy YMCIEHHBIM PEIICHHEM U aHAJMTUYECKUM
1o popmyiie 2.4 ¢ arctan orsimyalorcs nouytu Ha 20%; Torna Kak pa3Hulia MEXJy YUC-
JIEHHBIM pEIlIEHUEM U aHAJTUTUYECKUM 10 dopmyJie 2.4 ¢ log oTIMYaeTCs MEHbIIE YeM
Ha 10%. [1puuem 1151 yrcieHHoro MoaeaupoBanus (popmyna 2.4 ¢ arctan) koadguiiu-

eHT K Oosnblire. 910 CKOpEC BCCro O6yC.HOB.HCHO TCEM, 4TO IrcOMETPUA IBOAKOBOTHYTOI'O

Phttps://www.wolfram.com/mathematica/
https://www.solidworks. com/
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AUCKa UMeeT OOJbIIYIO IJIONIa/lb MOBEPXHOCTH, YeM SKBUBAJICHTHbINA armncons. Ha
puc.52 npecTaBiieH pa3pe3 IpUTPOLUTA U CILUTIOCHYTOTO JIMIICOUAA, KOTOPbIE UMEIOT
OJIMHAKOBBIE pa3Mepbl MO OOJbIel OCM M OAMHAKOBBIE KO3 duimenTsl K, paccuu-
TaHHBIE C MOMOIIBI0 YUCJIEHHOTO MOJEIMPOBAHMS. BUAHO, UTO 3JUIMIICMON, KOTOPBIA
UMeeT Takoi ke Kod(ppuiueHT K, Kak U y JBOSKOBOTHYTOrO JMCKA, UMEET OOJIbIIIe
NOTIEpPEYHBIE Pa3MEpBbI.

Ta6muma 12: Pe3ynbTaThl YMCcIeHHOTO MoAeTMpoBaHus. [Jisi aHATMTUYECKOrO pacyeTa MCIOoIb30BaHa
opmyna 2.4. * — koapdurmeHT st popmyinsl ¢ log ymHo)eH Ha 2 (cm. [206]).

YucsieHHOEe MOJIEIMPOBaHUE YucsieHHOEe MOJIEIMPOBaHUE YucneHHOEe MOAIEIMPOBaHUE
SPUTPOLUT cpepoup (a=3,825 mxmMm, b=1,22 Mxm) | cpepoun (a=3,825 mMkm, b=1,8 Mkm)
\ K 0,86 0,77 0,86
AHaNMTHUYECKOE peIleHue AHaNMTUYECKOE peIleHue
®opmyna 2.4 ¢ arctan ®opmyna 2.4 ¢ log*
'K 0,72 0,94

SpuTtpount no mogenu KOpKMHa

CnoCHYTbIN
3NNNNCONS,

2

Puc. 52: 2D paspes sputpouuta, Mmoaearpyemoro Mmoaebio FOpkuna (cM. ypasaenue P.2) co ctoponamu
7,65 MKM U 2, 44 MKM | 3JUIMIICOM/IA CO CTOPOHaMU 7, 65 MKM U 3, 2 MKM. [[Ba TaHHBIX OOBEKTa UMEIOT
OoMHaKOBBIA KO3 puiiueHT K (cm. popmyiy 2.3).

3akJaroyeHne

[TpoBeeHHOE YKCJICHHOE MOJEIMPOBAaHKE MOKa3biBaeT MPUMEHUMOCTh MOIU(DHIIN-
poBaHHOrO0 3akoHa CTOKCa /ISl KaJTMOPOBKH ONTUYECKOM JIOBYIIKH, 8 TAKJKE JIaeT JOIOJI-
HUTCJIbHYIO CTCIICHb CBO6OIH>I AJIA YIYUIICHUA BBIYUCITIACMBIX YUCJICHHBIX PC3YJIbTATOB

CHWJIbI 3aXBaTa SPUTPOLIUTA B IKCIIEPUMEHTE.
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[MTPNJIOKEHMUE 3. Pacimivpenue napHOro nepmMyTalMOHHOTO TeCTa

AnHoTanusa: B 1aHHOM NpusioXkeHrn NMpeCTaBICHO JOMOJIHEHUE K TIEPMYTAllMOHHOMY TECTY JJIsl 3aBU-
CHIMBIX BBIOOPOK, B KOTOPOM TIOMHMMO CPE/IHUX 3HAYESHUIT TapaMeTPOB HCIIOIb3YeTC s OIMMOKA U3MEPEHUSI.
ITOT CTATUCTUUYECKUHN TECT, OTHOCSAIIMICS K HemapaMeTPUYeCKUM TecTaM, OCOOEHHO PUMEHHUM, KOT/a
pa3mep BHIOOPKHM MeHblIIe 5-7 00pa310B/UCTIBITYEMbIX, ¥ [TO3BOJISET MPOBEPATh IMIIOTE3bl O CTATUCTUYE-
CKOI 3HAUMMOCTH 0€3 CTPOTHX MPEANOIOKEH A O pacrpeie/IeHU U3MePsSeMOi BeJTMUHMHBL. [[7151 olleHKH

3(pheKTUBHOCTH 1 0OOCHOBAHHOCTH 3TOTO IMOX0/1a HEOOXOIUMBI JIOTIOTHUTEJILHBIEe UCCIIEeJIOBAHUS.

HepMYTaI_[I/IOHHbIe TeCTL127 — 9TO HCIMAPpaMCTPUICCKUC CTATUCTHUYCCKHUEC MCTOMIBI,

UCTIOJIb3yeMble 711 OLEHKU 3HAYMMOCTH HaOJII0JaeMbIX Pa3IMuvii B 3aBUCUMBIX WUJIH
He3aBUCUMBIX BhIOOpKax [280]. OOBIMHO OHU IPUMEHSIIOTCS, KOTJ]a HAPYIIAIOTCS MPe/I-
MOJIOKEHNS NTApaMETPUUECKUX W/WIM HENapaMeTPUYECKUX TECTOB, B OCHOBHOM IIpU
pabote ¢ HebobmMu BeiOOpKamu (N < 10). [lepMyTaliuoHHBIE TECTHI JAIOT TOYHbIE
p-3HAYEHUS U YCTOMYMBBI K BRIOpOCaM, MPUCYTCTBYIOIIUM B JaHHBIX [281].

HyneBas runore3a B epMyTallMOHHBIX TECTaxX 3aKJIOYAeTCsl B TOM, UTO B CJIyvae,
€cJIi CpaBHMBaeMble BBHIOOPKH MPOMCXOIAT U3 OJHON U TOW XK€ IeHepalbHON COBO-
KYIMHOCTH, TOrna oOMeH 3JIeMeHTaMU MeXAy BBIOOPKAMHU HE JOJIKeH CYIIECTBEHHO
MOMEHSATh TECTOBYIO CTATUCTUKY (CpeJHee, MeIuaHy, Win 1Ip.). TeM cambIM, CTaTUCTH-
YyecKasi 3HaYMMOCTb MPOBEPSETCS MyTEM HAXOXKJIEHUE TOJIOKEHUS 3HAUeHHST TECTOBOM
CTATUCTUKU U3HAYAJIbHBIX JAHHBIX HA pacIipeieIeHUH TECTOBOM CTATUCTUKH JIJIS «TIEpe-
MelaHHbIX». JlaHHbIE CTy4YaliHBIM 00pa30M MEPEeTACOBBIBAIOTCS UM MEPECTABISIOTCS,
YTOOBI CO3/]aTh BCEBO3MOXKHBIE BRIOOPKHU JIaHHBIX. TecTOBasi CTAaTUCTUKA PACCUUTHIBAET-
Csl 1Tl KaXI0W MEPeCTaHOBKU, U pacipeiesieHre TUX TeCTOBBIX CTATUCTUK 00pa3yeT
HYJIEBOE paclpeiesieHre, UK ke HyleBylo runore3y [282]. [loatomy nepMyTaliioHHbIE
TECThl JIOCTYIHBI AJIsI JIIOOOH TECTOBOW CTAaTUCTHUKH, HE3aBUCUMO OT TOTO, U3BECTHO
ee pacrpeaeneHue win Het [283]. Hampumep, MOXHO BBIIOJHUTH NEPMYTALIMOHHYIO
Bepcuio tecta bpynnepa-Mionsensa nuim MaHHa-YUTHH Ha A3bIKE IPOrpaMMUPOBAHUA
python [284].

OCHOBHBbIE IIaru MNEPMYTAIUOHHOT'O TCCTA BKJIIOYAIOT!:

1. Berumnciienue HaOMoO1aeMOi TECTOBOM CTAaTUCTUKY (Cpe/iHee, MeIMaHy WM T.J1.) Ha

MCXOJHBIX BHIOOPKAX.

2. CnyJaiiHas riepecTaHOBKa (OTJWYAETCS JJIs1 3aBUCUMbBIX/HE3aBUCUMbBIX JIaHHBIX) B

BI)I60pKaX OJId CO30aHUA BCEX BO3MOXHBIX HOBBIX BbI60pOI(.

27I/IHOFIIa HX Ha3bIBAIOT «IIEPECTAHOBOYHBIMU> .
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3. BrluncieHue TeCTOBOM CTaTUCTUKU JJIA K&)I(I[Oﬁ N3 HOBBIX BbI60pOK.

4. CpaBHEHHME UCXOIHOM TECTOBOW CTATUCTUKU C PACIIPEJEIEHUEM CTATUCTHUK, TOJTY-
YEeHHBIX Ha HOBBIX BbIOOpKax. OmnpeeseHre p-3HaueHure 10 MOJI0KEHUIO UCXOAHOM

TECTOBOU CTATUCTUKYU Ha PACTIPEETICHUMN.
5. BbIBOJ O CTATUCTUYECKOW 3HAYMMOCTHA HA OCHOBAHUU P-3HAYEHUS.

OdeHb Ba)XHO OTMETHUTh, UTO «IIEPECTAHOBKa» MPeIoaracT B3auMo3aMeHsIeMOCTh
JaHHBIX MEXIy BHIOOpKaMu. B OOJIBIIMHCTBE CIy4yaeB 3TO O3HAYaeT, YTO AUCIIEPCUU
PasHBIX BHIOOPOK JIOJKHBI ObITH paBHBI. Vcnonb3oBaHue nmepMyTallMOHHOTO TecTa s
JAHHBIX C HEPABHBIMU JUCIIEPCUSMU MOXKET IIPUBECTHU K YBEJIMUEHUIO KOJMYECTBA OLIM-
OOK MepBOro pona (JOKHOMOJIOKUTEIBHOE 3aKJIIOUEHHUE) J1aKe NPU PaBHBIX CPEIHUX
3HaueHusix [285]. B aToMm cilyyae MOXHO MPUHATH Oosiee OOUIYI0 albTEPHATUBHYIO
TUINOTE3Y UM KOHTPOJIUPOBATH YACTOTY OIIMOOK MEPBOrO poja ¢ MOMOIIbI0 Moaudu-
LIMPOBAHHBIX TECTOB WX AJITOPUTMOB TeCTUpOBaHus [280].

[Tpu 6osbIIOM 0ObeMe BHIOOPKU MOKHO C(DOPMHUPOBATH ACUMITOTUIECKH IKBUBA-
JICHTHBIN NIEpMYTallMOHHBIA TecT. [1Jis1 TOro HeoOXOAUMO CO3JaTh ITAJIOHHOE pacIpe-
AesieHue ¢ nomolipio Metoaa Mounre-Kapiio, KoTopsiil ciiy4ailHeiM 00pa3om oTOUpaeT
HEOOJIBIIYI0 BRIOOPKY BO3MOKHBIX TIEPECTAHOBOUHBIX BHIOOPOK IO CPABHEHUIO C OOIIUM
YUCJIOM MepeCTaHOBOK [286].

B OCHOBHOM NEpMyTalMOHHBIE TECThI UCIOJb3YIOTCS B UCCJEAOBAHUSAX, TOE pas-
Mep BBIOOPKM HEBEJIMK, B TOM YHCIIe B «single case study» (eIMHUYHOE WCCIeI0Ba-
Hue). «Single case studies» UPOKO KCTONb3YIOTCS B KJIMHUYECKOHN MPaKTUKE U3-3a
HEMPAKTUYHOCTU WJIM HEBO3MOKHOCTU MPOBEJEHUST KPYITHOMACIITAOHBIX UCTILITAHUT.
B Hacrosiiee BpeMsi OHU SIBJISIIOTCS IIEHHBIM MHCTPYMEHTOM J1JIs TPOBEPKU PA3TMUHBIX
MEJIMIIMHCKUX, TICUXOJIOTUYECKUX U Ipyrux rumnote3 [287]. bwuio nokazaHo, 4To mnep-
MYTALMOHHBII TECT AJisl MPOoBepKU dpeKTa JieueHus MaUeHTOB NMOKa3bIBaeT YCTOM-
YMBOCTb IPU HYJIEBOW TUIOTE3E U 3(PPEKTUBHOCTD MPU aJIbTEPHATUBHOM [288, 289].

B nanHo# paboTe npeacTaBieHo AOMOTHEHNUE IIepMYTallMOHHOTO TeCTa /1JIsl 3aBUCHU-
MBIX JAaHHBIX C HEOOJIBILIUM YMCIIOM 00pa3oB/manueHToB. OCHOBHAsS UJesl TOTIOJTHEHHU S
3aKJII0YAEeTCs B TOM, YTO B OCHOBHOM BCE€ TECThI UCIIOJIb3YIOT TOJIBKO CPEIHME 3HAUCHU S,
B TO BpeMsl KaK B MEIUIIMHCKOM WJIM PyrOM KCIEPUMEHTE IMPU OLIEHKE apaMeTpoB
CYIIECTBYET OIIMOKa U3MepeHUs1 u/uiu ycpeaHenus. Vicrosnb3y st cTaHAapTHOE OTKJIOHE-
HUE WK JIPYTYIO OIMOKY /ISl KaXKI0r0 U3MepeHus: 00padOTKH, MOKHO OXUAATh Oojiee

TOYHOM BBIBOJI O CTATUCTUIECKON 3HAUMMOCTU MEX/1y BHIOOPKAMHU.
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AJroputm npeiaraeMoro Tecta ¢o CTaHJapTHbIM OTKJIOHEHHEM

[TapHbIil IEpMYTAMOHHBINA TECT, KAK U IPYrMe CTaTUCTUYECKUE TECTHI JJIS1 3aBUCHU-
MBIX JaHHbIX, HAIIPABJICH HA BBISIBJIEHUE PA3JINYUANA MEKAY IBYMs IpyIIIaMu: 10 (TiepBasi)
Y TI0CJIe JieueHus1/Bo3aericTBus (BTopas). [lanee ajisi IpOCTOTHI IBE TPYIIBI Oyaem Ha-
3bIBaTh «JO0 JYUYCHUs» M «IOcje JiedeHus». OObIYHO paccMaTpHBaeMbIi MapaMeTp B
CTATUCTUKE UMEET HEKOTOPYIO MOrPEUTHOCTh U3MEPEHUS (K PUMEPY, CTAHJAPTHOE OT-
kyoHeHue (SD), MHCTpyMeHTaIbHasl OMMOKA U T.[.), KOTOPYIO OOBIYHO OMYCKAIOT TMPH
HCIIOJIb30BAHUY CTATHCTHYECKMX TECTOB, HAIIPUMeED, TecTa Y uIkokcoHaZS. Jlasee B Tek-

cte SD OyaeT paccMaTpuBaThCs Kak ONMMOKA N3MEPEeHHUS.

IIOHOJIHCHI/Ie I[MapHOr'o NEPMYTALUOHHOI'O TECTA HAIIPABJICHO HA MUCIIOJIb30OBAHHC SD

B aAJITOPUTMC. HOHOJ’IHGHHHﬁ TCCT BKJIIOYACT CJICAYIOIIHUC HIarun:

1. Briuncienue TecTOBOM CTaTUCTUKM Ha M3HAYaJIbHBIX HAaHHBIX, T.C. CPCOHIOI0 pa3-

HUITY MApaMCTPOB IMMAITUCHTOB B IIPOUCHTAX 10 U IMOCJIC JICUCHHUA.

2. Co3ganue 2 OONBIIMX BHIOOPOK BCEBO3MOKHBIX JAHHBIX ISl TIEPBOH M BTOPOW
rpymnmbl. Kaxaoe 3HaueHue 10 v 1ocJjie Je4eHus MOXKeT ObITh MPEeICTaBJIEHO TPEMS
cniocobamu, T.e. (1) cpeanee, (2) cpeanee + SD u (3) cpeanee - SD. Hanmpumep, u3
2 3Ha4YeHui ¢ SD MoxHO momyunTh 9 komOuHanuii (cm. puc.53). Tem cambIM KoJH-
YeCTBO IIEPECTAHOBOK JIjIs OJHOI IPpyHIHl 6yaeT paBHO 3, rae N —3TO KOJIMYECTBO

JIAaHHBIX B BHIOOPKE.

3. 13 co3gaHHBIX BRIOOPOK MOMYYaOTCs BCEBO3MOXKHbIE KOMOMHAIIMY 2 TPYIII 10 U

nocJie jedeHust. TeM caMbIM CO3/1ae€TCs1 BECh PsiJi HAOOPOB TaHHBIX NEPBOi 1 BTOPOIA

IpyIIIL

4. BeruucisieTcs CcpeaHAd pasHUlld MMApaMETPOB I10 ITAIMUEHTAM B ITPOLCHTAX MCKIY

BCEMH BO3MOXHBIMU Ha6opaM1/1 JaHHbIX.

5. M3HavaibHasl TeCTOBasI CTATUCTUKA CPaBHMBACTCA C PACHIPCACIICHUCM HOJIyquHOIU/I

TECTOBOM cTaTUCTUKU. [10 €€ rnosiokeHuIo onpenessercs p-3HaueHue.

6. Ha ocHoBanuu P-3HA4YCHUA IPUHUMACTCA HYJICBAA UJIN AJIbTCPpHATHBHAA T'MIIOTC34d.

2Wilcoxon signed-rank
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[5+1;6+2]

6, 8] [4, 8] [5, 8]
6, 4] [4, 4] [5, 4]
6, 6] [4, 6] [5, 6]

Puc. 53: [lemoHcTpalus co3aaHus HOBbIX HAOOPOB TaHHBIX OJHOM IPYIITH U3 ABYX 3HaueHuii ¢ SD.

IIpe/I0KeHHBIA aIrOPUTM HO3BOJIAET Ha Bbixode moayduth (2 x 3)V x 2V = 18V
3HAYEHUI CPEIHUX OTKJIOHEHWI MEXAY IpyIIaMy 4O U MOCJE JIEYEHUS B MPOLEHTAX,
rae N — 3TO KOJIMYECTBO OOPa3IOB/TAllUEHTOB. AJTOPUTM TEM CaMbIM UMEET CJIOXK-
Hoctb O(18Y). [ToTOMY NaHHBIiA TECT pa3yMHO UCIIOJIL30BaTh Ha HEOOIBLIOH BHIGOPKE
pasMepoMm MeHblIe 5-7 00pa3oB/UcbITyeMbIX. [[71 BBIOOPOK OoJIbIle yKa3aHHBIX pa3-
MEPOB IMPEMMYIIECTBO JTAHHOI'O TECTa Haj APYTMMHU HeNapamMeTPUYECKUMHU TECTaMu
MPAKTUYECKU TepsieTCs. Bce onurcaHHbIe BbIIIIE IIard Peaju30BaHbl Ha s3blke python, u

KoA noctyneH B peno3utopuun GitHub [290].

IIpuMepsbI HCIIOIBL30BaAHUA
B Ta061.13-15 npuBeaeHsl Tpu MpUMepa UCOIb30BAHUS TAPHOTO MEPMY TALIMOHHOTO
tecta ¢ SD. I1pu cpaBHenun 1a6s1.13 1 Tada.14 BUaHO, YTO yBeaudYeHHe 3HaueHuit SD
CYIIIECTBEHHO BJIMSET Ha MojyyaeMoe p-3HaueHue. [10aToMy B BBIOOpKax ¢ HEOOIBIINM
YHCJIOM JaHHBIX/UCTIBITYEMbIX KpaifHe BaKHO OLIEHUTh OIIMOKY KasKA0Tr0 3HAYECHUSI.
YT0oObl MPOMJUTIOCTPUPOBATH 3HAYMMOCTH SD, paccMOTpUM Ha0Op JaHHBIX, CONEP-
Karmmid o 6 UCIBITYeMbIX 0 W Tocje JiedeHus (Tabi.15), mpudyeM OTHOCHUTEIbHAS
ommnOKa Kax/I0ro 3Ha4eHus1 cocTapisieT MmeHee 5%. PaccuntanHoe ¢ MOMOIIIbIO TecTa
Tect YWiKokcoHa, p-3HaueHue coctasiiseT meHee (0,02, Torma Kak, pacCUMTaHHOE C
MOMOIIIBIO TTPEJIOKEHHON MapHO# nepectaHoBKU ¢ SD, nipesbiaer 0,05. 910 MOXKET
OBbITb MPeABAPUTEIILHBIM CBUIETEILCTBOM TOTO, UTO B HEOO bIIMX BbIOOpKaX TecT Y-
KOKCOHa (WM mapHblii Tect 6e3 ydeta SD) MOXeT gaBaTh JOXHYIO MOJIOKUTEIBbHYIO
CTATUCTUUYECKYIO 3HAYMMOCTh, KOTJ]a OIMMOKA 3HAYEHUI He sIBJISIETCS NIPEeHeOpeKuMO

MAaJIOM.

181


https://www.python.org/

Ta6uuna 13: Paccuntannble p-3HaYeHUs Ui pUMepa, B KOTOPOM OTHOCUTEJIbHbBIE OIIMOKM MOps/IKaA
10%, ¢ nomomuipio Tecta YMIKOKCOHA U MPEJIOKEHHOT0 MAPHOTo IepMyTallMOHHOro Tecta ¢ SD.

o [Tpumep 1
CraTucTHYeCKU TeCT
Ho neuenuss | Ilocne neuenus
Cpennee [20; 33; 20; 24] | [21; 34; 22; 25]
SD [2;2;2; 2] [2;2;2; 2]
Tect Ymikokcona 0,063
[TapHblii mepMyTalMoHHbIA TECT ¢ SD 0,1874

Ta6muma 14: PaccuntanHble p-3Ha4YeHHs JJ1s IPUMEpa, B KOTOPOM OTHOCUTEJIbHBIE OIIMOKH MEHbIIIe
5%, ¢ nomo1po Tecta YUIKOKCOHA U NIPEJIOKEHHOTO MAPHOT0 NEepMyTalMOHHOIO TecTa ¢ SD.

CraTucTHYECKHH TECT

[Tpumep 2

o neyeHust

Iloce neyennsa

Cpennee [20; 33; 20; 24] [21; 34; 22; 25]
SD [0,5; 0,5; 0,5; 0,5] | [0,5; 0,5; 0,5; 0,5]
Tect YmikokcoHa 0,063
[TapHbIil HIEpMyTalMOHHBIA TECT ¢ SD 0,045

Ta6muma 15: PaccunranHoe p-3HaueHue 11t pUMepa, KOraa OMMOKN U3MEPEHH s BBICOKH KaK B IpyIIIe
"Ilo nevyeHus tak u B "[locye nedyenns". Bbul HCNIOIB30BaH TECT Y WIKOKCOHA U MPEJIOKEHHBII TAPHBIA

nepMyTaluoOHHbIA TecT ¢ SD.

CrarucTunyeckKu Tect

[Tpumep 3

o neuenus

Ilocne neyenud

Cpennee

[40; 45; 51; 60; 38; 44]

[41; 48; 51,1; 62; 38,5; 46]

SD

[1;2;0,5; 1; 0,6; 0,3]

[0,5; 2; 0,9; 0,5; 0,7; 0,1]

TecT Yuikokcona

0,016

[TapHblii nepMyTalMOHHBIA TECT ¢ SD

0,052
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3akio4eHne

[TepMyTalOHHBIE TECTHI 1AI0T TMOKUIA M MOIIHBIN IMOJXO/1 K IPOBEPKE TMIOTE3 B CTa-
TUCTHUKE U TIO3BOJIAT UCCIIEIOBATEIAM JIeJaTh HAJEKHBIE BHIBOJbI O€3 CTPOTUX MPEeIo-
JIOKEHUii 0 pacnipeenenuu. [lepmyTalinoHHbIe TECTh 00ECTIEYMBAIOT HAJIEKHBIA METO/
OLIEHKM 3HAYMMOCTH HabsogaemMbix 3¢h¢GEeKTOB U/UIM pa3iniuuii B IIMPOKOM CIEKTpe
o0acTtelt uccie oBaHui.

B nanHoii paboTe npeaiaraetcs u 00CyKaaeTcsi JONOTHEHNE EPMY TAIIHOHHOTO Te-
CTa /115l 3aBUCUMBIX JIaHHBIX B BHIOOPKaX C HEOOJIBbILIUM YUCIOM UCTIBITyeMbIX. OCHOBHOE
AOTOTHEHUEe JAHHOTO TeCTa COCTOUT B UCHOJIb30BAHUU OIIMOKU MU3MEPEHUI KaKJOro
3HAYEHUSs], YTO JIaeT JOIMOJHUTENILHYIO CTeleHb CBOOOIbI Npy pacueTe. bputa Hanuca-
Ha [POrpaMMa, MO3BOJIAIIIASA PACCUMTBHIBATh P-3HAYEHUE MEKIY IBYMS 3aBUCHUMbBIMU
BbIOOpKaMHu. Bt MpoBeIeHbl CpaBHEHUS ¢ TeCTOM Y WIKOKCOHa. [loka3zaHo, 4To rpu
OOJIBIION OIMIMOKY U3MEPEHUsI TECT Y MIIKOKCOHA MOXKET J1aBaTh JIOKHOTIOJIOKUTEIbHBIN
pe3yJbTar.

[Tpenmnonaraercsi, 4To MpeJIOKEHHbI TeCcT Oy/eT MoJie3eH B UCCIIEJOBAHUSIX C Ma-
JIBIX KOJIMYECTBOM JIaHHBIX, B KOTOPBIX HEJIb3s1 UMTHOPUPOBATH OIMMOKY n3mepeHus. Tpe-

OyeTcs najpHeIee u3yyeHrue U Baauaalus JaHHOTO TecTa.
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