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(72) NETPOB BAYECIIAB BACWIIBOBUY, KPHO-
YMH AHOPIN AHOPINOBWY, PVUKOB CEPTIA OJE-
KCAHOPOBWY, CEPTIEHKO MNKONA MAPKOBWY,
AHTOHOB €BIMEH E€BrEHOBWY, LWAHOWNO CE-
MEH MWXAMNOBWY, LWEBKONEHKO MAPWHA
BOJIOOAVMNPIBHA

(73) IHCTUTYT MPOBJIEM PEECTPALIl IHOOP-
MALIT HALIIOHANBHOT AKALEMIT HAYK YKPAIHWN
(57) 1. OiarHocTnyHa niHiika MIKpONPU3MOBUX KOM-
NneHcaTopiB KOCOOKOCTI, WO CKnagaeTbcsa 3 N'atu dik-
COBaHMX MIKpONPU3MOBUX rEepMETUYHMX KOMMEHCATO-
piB KOCOOKOCTi, PO3MILLEHNX Ha OQHOMY KOpMyCi, sika

BiApi3HAETbLCA TUM, LLO O03BONSAE LUBUAKO BUMIPHO-
BaTW BENNYUHY NPU3MATUYHOI CUMM MiKPOMPU3MOBUX
KOMMEHCaTOpiB KOCOOKOCTi | MiABALMTM 3PYYHICTb
BUKOPUCTaHHS Ta LOCTOBIPHICTb BUMIpIOBaHb Benu-
YMHM KOCOOKOCTI 30pYy MaLieHTa.

2. JliHinka 3a n. 1, sika BiApPI3HAETbLCA TUM, LLO Ha
KOpnyci MiHIKW po3MilleHMn [O0AaTKOBUA nepecyB-
HUA MIKPONPM3MOBUIA eNeMeHT ANS 3MiHW BEnuYMHN
NPM3MaTUYHOI Aji KOXKHOro 3 N'ATM 3a3HayYeHMX KOM-
NeHcaTopiB Ha MEBHWUWA KPOK, LIO O03BONSAE LUBMOKO
3MiHIOBaTM B LUMPOKOMY AianasoHi Ta BUMIpioBaTK
BEMUYMHY NPU3MATUYHOI CUMM MIKPONPU3MOBUX KOM-
neHcaTopiB KOCOOKOCTI i MigBULWUTA 3PY4YHICTb BUKO-
pUCTaHHS Ta [OOCTOBIPHICTb BUMIpIOBaHb BENUYUHU
KOCOOKOCTi 30py naLuieHTa.

KopucHa mogenb HanexuTtb 00 MeauMuUMHU, 30K-
pema o odranbmMonorii, i MOXe BUKOPUCTOBYBATUCH
0N eKkcnpec-aiarHOCTUKM KOCOOKOCTi, @ TaKoX iHLIMX
nopyLleHb 30pY, WO NOEAHYTLCS 3 KOCOOKICTHO.

Bigomuin mMeTon BWKOPUCTAHHS CKASIHUX NPU3M
ONs 0iarHOCTMKM KOCOOKOCTI Ta BignoBigHWMIA NPUCTPIn
AN BUMIPIOBaHHS KyTa KOCOOKOCTI, KA CKNaaaeTb-
ca 3 npobHoi odTanbmonoridHoi onpaeu i Habopy
CKNAHUX oKynsapHux npuam (Ypmaxep J1.C., AnseHLu-
Tagr J1.1. Odpranemonoruyeckue npubopsl. - M.: Me-
avumHa. 1988). MeToa noB'A3aHMI 3 BCTAHOBIEHHSIM
B CTaHOAPTHY OMNpaBy CKMNSHUX NMPU3M ONTUYHOK CU-
noto 0o 8 npmMsmMoBuMX aionTpin. Hegonikom Lboro me-
ToOy € oOMeXeHuin diana3oH BMMIipHOBaHb BHACNIOOK
HEMOXIMBOCTI MPaKTUYHOrO BMKOPUCTaHHS 3 Npob-
HOK OMpPaBol CKMASIHUX Mpu3am cunoto Ginbw 10-12
NPU3MOBMX AiONTPINA, OCKINbKW OiarHOCTUKA LUNAXOM
NMOCnifOBHOro BCTAHOBMEHHA B NPOOHYy onpaBy TOBC-
TUX Ta BaXKUX CKMSIHUX MPU3M CTPOro neprneHanky-
NSAPHO [0 HanpsMy 30pYy € HE3PY4YHOK Ta HeJOCTOBI-
PHOH.

Bigomuin MikponpuamoBuI NpUCTPIN ANns AiarHoc-
Tukn kocookocTi (Metpos B.B., Ceprienko M.M., Pu-
koB C.O. T1a iH. lNateHT YkpaiHn Ne 25549 Big
10.08.2007 p.), skuii nepenbayae BUKOPUCTOBYBATU
Ons OiarHOCTUKM KOCOOKOCTI MIKpONPU3MOBI niaHapHi
ernemeHTn ®peHens - ONTUYHI KOMMEHCATOPK KOCOO-
KocTi npuamatumyHoto gieto Big 0,5 go 30,0 npuamosux

pionTpin. EnemMeHTM no 4epsi BCTaHOBMNIOKTLCA B
npobHy o TanbMONOriyHy onpasy, aBTOMAaTU4HO
3a¥MaloTb HeOOXigHEe NMOMOXEHHS BiAHOCHO OCi 30pY i
TOMY OalTb MOXIMBICTb TOYHO BUMIPHOBATU KyT KO-
COOKOCTI Oka nauieHTa. OgHak, 3as3Ha4YeHuin NPUCTpIn
He [O03BOMSE LBMAKO 3MIHIOBATU BENUYMHY Npu3Ma-
TWUYHOI Aji ONTUYHMX KOMMEeHcaTopiB i TOMY He A03BO-
NS€ NPOBECTN eKcnpec-AiarHOCTMKY KOCOOKOCTI, nepLu
3a BCe Ansi Manux GiTel Ta BaXKnx XBOpuUX, ocobnu-
BO B BMNAgKy AOCNimKeHb KOMOiHOBaHUX AedekTiB
30pY, LLIO NOEAHYHOTHCS 3 KOCOOKICTHO.

[nsa piarHocTyBaHHA KOPOTKO30pPOCTi Ta Aaneko-
30pOCTi BiAOMUN METOA BUKOPUCTAHHSA CKiaCKOMIYHUX
niHinoK 3 Kpyrnummn abo kBagpaTHUMM CKMNSIHUMM NiH-
3aMu 3aMmicTb Habopy NpobHUx NiH3 Ta Tabnuup (Yp-
maxep J1.C., AinseHwTtaar J1.M. Ontudeckune cpeacrea
Koppekumn 3penus. - M.: Meguuuna. 1990). NinHinkn
OinbL 3py4YHi ANS BUKOPUCTAHHS, HIXX OKPEMi CKIMsHi
NiH3K, MEHLWINIA Yac AiarHOCTyBaHHSA, OQHaK Ha CbOro-
OHi BigOMI nnLe NiHinkK 3 chepudHMKn Ta LuniHapu-
YHUMM NiH3aMK, SKi He npuaaTHi Ana QiarHOCTUKM
KOMOGiHOBaHMX OedekTiB 30py, WO MOEQHYIOTLCS 3
KOCOOKICTHO.

3agayeto KOPUCHOT Mofeni € CTBOPEHHS AiarHoc-
TUYHOI NIiHIMKM ONTUYHMX MIKPONPU3MOBUX KOMMNEHCa-
TOpPiB KOCOOKOCTI, ika [03BONSE LWBWAKO Ta 3 BUCO-
KOI [JOCTOBIPHICTIO BUMIptOBaTU BESTMYNHY KOCOOKOCTI
30py nauieHTa. JliHinka 0O3BONSE 3MiHIOBATU B LLUMPO-
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KOMY fjiana3soHi BENWYMHY NPU3MaTUYHOI CUNN MiKpo-
NPU3MOBMX KOMMEHCATOPIB Ta MiABULLMTM 3PY4HICTb
NPoBeAEHHS AiarHOCTMKU BHACMiQOK HEeBENUKOI TOB-
LWMHM Ta Barv MPUCTPOIO, NPU LIbOMY ONTUYHI Xapak-
TEpUCTUKM B Mpoueci ekcnnyaTauil He 3MiHIKTbCA
3aBAAKN FepMETUYHOCTI KOHCTPYKLii NPUCTPOLO.

lMocTtaBneHa 3agaya BUPILLYETLCA TaKUM YUMHOM,
Lo B 3anponoHoBaHoOMy npuctpoi (dir. 1) rpyna dik-
COBaHMX MiKPOMPU3MOBUX KOMMEHCATOPiB KOCOOKOCTI
(1) poamillyeTbcsa Ha kopnyci MiHiikn (2) B cneuianb-
HMX 3arnmbneHHsax (6). KoxHuii  MikponpuamoBwuii
komneHcatop (1) cknagaetbcs 3 MIKPONPU3MOBOro
enemMeHTa Kpyrnoi oopMu, SKUN BUTOTOBMSAETLCHA 3
creujanbHOi nracTMacu, npo3opoi Ang BUOUMOTO
CMEKTPanbHOro fianasoHy, Ta 3aXUCHOI MMacTUHKK
komneHcaTtopa (5). 3axucHa nnactuHka (5) repmeTu-
YHO 3'egHaHa METOOOM YNbTPAa3BYKOBOrO 3BapHBaH-
Hsi 3 MiKPOMPU3MOBMM €rieMeHTOM (1) TakuM YMHOM,
Lo MiKpopenbed PO3MILLYETLCS BCEPEaAVHI NPUCTPOLD
i He KOHTaKTye aHi 3 30BHILLHIM cepefoBuLLEM, aHi 3
NoBepxXHe 3axXMCHOI NAacTUHKK, i TOMY 3axuLleHuin
Bif 3abpyaHeHb Ta MOLWKOOXKEHb B MPOLIEC ekcnnya-
Tauii npucTpoto. Ana 3py4HOro yTpumaHHs giarHocTu-
YHOI NiHiNkK kopnyc (2) mae BignoBigHWIA Tpumay (3).
feomMeTpuyHi mapameTpu KOXHOIO OKPEMOro MiKkpomn-
pn3mMoBOro enemeHTta (1) BU3HAYalOTLCHA TaknMM 4u-
HoM, Wwob BUTpaTK CBiTNa BcepeauHi enemeHTa bynm
MiHIManbHUMW.

CymapHuii fianasoH 3MiHWM MpU3MaTUYHOI CUIu
KOMMNeHcaTopiB B Habopy AiarHOCTUYHMX MiHioK cTa-
HoBuTb 1,0-30,0 npuamosux giontpin (MAQ), npn ubo-
MY KPOK 3MiHW CUNW MiKPOMPN3M BCTaHOBIEHO PiBHUM
1,0 ans rpynn ONTUYHMX KOMMEHcATopiB Ansa Aiana-
30Hy 1,0-10,0 MO ta pieHum 2,0 MO gna gianasoHy
12,0-30,0 MO, wob BenuumHa KyTa KOCOOKOCTI, LU0
BM3Ha4yeHa 3a [Jornomoro Habopy AiarHOCTUYHMX
niHinoK, cniBnagana 3 icHyto4YMM nepenikoMm HoMiHaniB
OMNTMYHMX KOMMNeHcaTopiB kocookocTi: 1,0; 2,0; 3,0;
4,0; 5,0; 6,0; 7,0; 8,0; 9,0; 10,0; 12,0; 14,0; 16,0; 18,0;
20,0; 22,0; 24,0; 26,0; 28,0 Ta 30,0 MNA.

[ns 3py4HOCTi fiarHOCTyBaHHSA 3anpornoHOBaHO
Habip, Lo cknagaeTbest 3 M'ATU OKPEMMX NiHINOK KOM-
neHcatopis. KoxHa 3 niHinok cknagaetbcs 3 rpynun B 5
biKCoBaHMX MIKPOMPU3MOBUNX KOMMEHCATOPIB KOCOO-
KocTi. [NepLa 3 niHinok nepekpusae gianasoH 1,0-5,0
na s kpokom 1,0 MM (cpir. 1), gpyra - gianasoH 6,0-
10,0 N4 3 kpokom 1,0 MM, Tpeta - gianasoH 12,0-20,0
MAa s kpokom 2,0 MM Ta yeTBepTa - gianasoH 22,0-
30,0 NA 3 kpokom 2,0 MA.

[na BuMiptoBaHb BENUKUX KyTiB KOCOOKOCTI BUKO-
pUCTOBYETLCA N'ATa MiHillKa KOMMNEHCaTopiB KOCOOKO-
CTi 3 (hikcoOBaHMMW 3HAYEHHAMM NPU3MATUYHOI 4ii, sKi
popisHtotoTb 30,0; 35,0; 40,0; 45,0 Ta 50,0 MA.

[Onsa 3meHWweHHs rabapuTiB Ta KinbKOCTi NiHINOK
MOXITMBO BUKOPMUCTAHHS AiarHOCTUYHOI NiHIKKU KOM-
neHcaTopiB KOCOOKOCTI 3 [0AaTKOBMM NepecyBHUM
MIiKPOMPV3MOBUM €MNEMEHTOM (4), SK1i nepemillyeTb-
€S B3OOBX KOPNycy (2) MiHiiKA TakuMm YMHOM, LLO Be-
NINYMHA NPU3MATUYHOI Aii KOXHOro 3 rpynu dpikcoBa-
HUX  MikponpuamoBux  enemeHTiB (1)  Moxe
3MiHIOBaTUCS Ha NEeBHY BU3HAYeHY BenuuuHy (oir. 2),
npv UbOMY BUKOPUCTOBYIOTHCS OBi MNiHINKM KOMMeHca-
TOpiB KOocookocTi Ans AdianasoHis N4 = 1,0 - 10 ta M4
=12,0-30,0,
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3HaveHHsa nNpuaMaTU4HOI Aii 4OOAaTKOBOro Mikpo-
NPM3MOBOrO €efieMeHTa pPO3PaxOBYETLCA TaKMM Yu-
HOM, WO AN KOXHOI 3 AiarHOCTUYHMX NiHINOK ans
cepeaviHN KOXKHOTO BiNoBIiAHOro Aianas3oHy npuama-
TnyHoi aii N4 = 1,0-10 Ta N4 = 12,0-30,0, To6To Ans
na = 5,0 ra Mg = 22,0, senuunHa cymapHoi npusma-
TWUYHOI Aii TOYHO OOPIBHIOE 3a4aHOMY 3HAYEHHIO CUNK
Mikponpuamu (apir. 3). Mpn Takomy BUBOPI BENUYMHK
[04aTKOBOI MIKPOMPU3MKU MakcuMmaribHe BiOXUNEHHS
peanbHOro 3Ha4YeHHsa Npu3aMaTU4HOI Ail Bi4 3agaHoro
HomiHany He nepesuwye 0,36 % Ana nepLioi NiHinkn
Ta 1,16 % ans gpyroi (dir. 2).

[ns BuMiptoBaHb BESNIMKNX KYTiB KOCOOKOCTiI 3HOBY
BMKOPUCTOBYETBLCA TPETS MNiHillka KOMMeHcaTopiB Ko-
COOKOCTi 3 (DiKCOBAHUMU 3HAYEHHAMMW MPU3MATUYHOI
aii, aki popisHiotoTb 30,0; 35,0; 40,0; 45,0 Ta 50,0 MNA.

Mpuknag 1.

Habip ons giarHocTukn cknagaetbcs 3 N'ATU NiHi-
NOK.

HiarHocTtnyHa nininka Ne 1.1 ans gianasony 1,0-
5,0 N[ cTtBopeHa 3 N'aTn hikCoBaHNX MiIKpONpPU3Mo-
BWX KOMMEHCAaTOPiB KOCOOKOCTI onTu4Hot cunoto 1,0;
2,0; 3,0; 4,0 Ta 5,0 NA.

HiarHocTnyHa nininka Ne 1.2 ans pianasoHy 6,0-
10,0 MM ctBopeHa 3 N'aTh hikcoBaHNX MiKPONPU3MO-
BMX KOMMEHCATOPiB KOCOOKOCTi ONTMYHOK cunoto 6,0;
7,0; 8,0; 9,0 Ta 10,0 NA.

HiarHocTnyHa niHinka Ne 1.3 gns gianasony 12,0-
20,0 N[ cTtBopeHa 3 N'aTn hikCoBaHUX MiKpONpU3mMo-
BUX KOMMEHCATOPIB KOCOOKOCTi OMTUYHOI CUIIO
12,0; 14,0; 16,0; 18,0 Ta 20,0 MNA.

HiarHocTnyHa nininka Ne 1.4 ans gianasony 22,0-
30,0 M4 cTBopeHa 3 N'ATK hikcoBaHNX MiKPONPU3MO-
BMX KOMMEHCATOPIB KOCOOKOCTi OMTUYHOK CUJIOH
22,0; 24,0; 26,0; 28,0 Ta 30,0 M.

HiarHocTnyHa nininka Ne 1.5 ans gianasony 30,0-
50,0 N[ cTBopeHa 3 N'aTn hikCoBaHUX MiKpONpU3mMo-
BUX KOMMEHCATOPIB KOCOOKOCTi OMTUYHOI CUIIO
30,0; 35,0; 40,0; 45,0 Ta 50,0 MA.

Mpuknag 2.

Habip ansa giarHoCTMKKM cknagaeTbes 3 TPbOX Mi-
HIMOK.

HiarHocTnyHa nininka Ne 2.1 ans gianasony 1,0-
10,0 MM cTBOpeHa 3 N'aTn hiKCoOBaAHUX MiKpONpU3mo-
BWX KOMMEHCAaTOpPiB KOCOOKOCTi onTu4Hot cunoto 1,0;
3,0; 5,0; 7,0 Ta 9,0 MNA 3 nepecyBHOO AOAATKOBOIO
npuamoro. OnTuyHa cuna nepecyBHOI MIKpOMPU3MM
ctaHoBuTb 0,99 MM, mMakcumanbHa noxubka BU3HA-
YeHHs1 MpPU3MaTU4HOI Aii KoOMMneHcaTopa CTaHOBWTb
0,18 % ans MO = 10,0 Ta 0,34 % ana N4 = 2,0.

HiarHocTnyHa niHinka Ne 2.2 ansi gianasoHy 12,0-
30,0 N[ cTBopeHa 3 N'aTn hikCoBaHUX MiKpONpU3mMo-
BUX KOMMEHCATOpiB KOCOOKOCTI OMTUYHOK CUIIO
12,0; 16,0; 20,0; 24,0 Ta 28,0 MNA. OnTuyHa cuna ne-
pecyBHOiI Mikponpuamu ctaHoBuTb 1,7 M1, makcuma-
nbHa noxvbka ctaHoBuTb 1,16 % Ana mikponpuamu
na = 30,0.

HiarHocTnyHa nininka Ne 2.3 ana gianasony 30,0-
50,0 MNA cTBopeHa 3 N'ATK PiKCOBaAHMX MIKPONPU3MO-
BMX KOMMEHCATOPIB KOCOOKOCTI OMTUYHOK CUSIOHD
30,0; 35,0; 40,0; 45,0 Ta 50,0 MNA.

JoBxunHa kopnycy KoxHoI 3 niHinok L = 250 mwm,
wnpuHa kopnycy H = 40 mm. Kpok mikpopenbedy BCix
MiKpOnpr3MoBKX KoMneHcaTopie ctaHoBuTb W = 600
MKM, SKUIA € ONTUMArbHUM 4118 3MEHLUEHHST Audpak-
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LiMHMX edeKTiB Ta BUKMIOYEHHS AucKpeTusadii 30-
OpaxeHb. [iameTp komneHcaTopiB D = 30 mm. Mnoc-
Ka 3axmMcHa nnactumHa ToBLlMHOK h = 0,6 MM BUrOTO-
BfieHa 3 Npo30oporo norikapooHaTy.
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MepecyBHWIN MiKPONPU3MOBUIA €NEMEHT BUrOTOB-
NIeHUA 3 MPO30pOro MoniMeTUIIMETaKpunaTy LUNAXOM
HaHECEHHS Ha MOCKy MMacTvHy TOBLWMHOK 1,5 MM
cepii 3arnmbneHb TPUKyTHOro npodinto 3 kpokom W =
600 mMKMm.

[iarHocTuyHa niviika Ne 1 KoMneHcaTopiB KOCOOKOCTi:
1- MIKpONPU3MOBUIA KOMMEHCATOP KOCOOKOCTI, 2- KOPRYC NiHiiku, 3- TPUMAY NiHiAKN,
4- nepecyBHa AoAaTkoBa MiKponpuama, 5- 3axvcHa NiacTyHKa KoMneHcaTopa,
6- 3arnuBneHHs AnNs KoMnexcaTopa,

xmwe

1

/

[OiarHocTuyHa niiika Ne 2 KoMneHcaTopiB KOCOOKOCTi:
1- MiKpONPU3MOBMUI KOMNEHCATOP KOCOOKOCTI, 2- KOPNYC MiHiKK, 3- TpUMaY NiHiiky,
4- nepecyBHa JOAATKOBA MIKponpuama, 5- 3ax1cHa NnacTuHKa KoMneHcaropa,
6- 3arnubnexHs AnNs KoMnexcartopa,



Moxubka, gionTpil

0 5 10 15 20 25 30 35
OntuyHa cuna, aionTpil

Moxubka Npy BUKOPUCTAHHI AOAATKOBOT MIKPONPU3MU
3 (hiKCOBAHOIO BENUYMUHOIO NPU3MATUYHOI Ajf:
NA=1,0 ta N4=0,99 ans pgianasony 1-10 NA;

MA=1,7 ans pianasoxy 12-30 NA

®ir. 3

Komn’'toTepHa BepcTka J1. KyneHko MignucHe Tupax 23 npum.
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